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SYMBOLS AND ABBREVIATIONS 

L. = Qiiick-access Loop i, where i = U, 5, 6, 7 • 
For example, Lj = the 7000 loop* 

( ) = The contents of. For example, (L|^) = The contents of L^ 

( ), = The contents before an operation 

( ) = The contents after an operation 

ASG, Al, etc. = The individual digits of the A register, where ASG represents the 
sign digit, andAl..,, AlO (the least significant digit) are the 
successive digits of the A register. Similarly for the D, R, and C 
registers, of which only the D register contains a sign. The B 
register is designated Bl, B2, B3, BJ4. 

O.F.T, = Overflow toggle 

= = Congruent, For example, 2037 «» U037 modulo 20. 

ms = Millisecond 

mod = Modulo 

DEFINITIONS OF TERMS 

Absolute value ; Numerical or positive value. 

Access time: The time interval between the instant at lAiich information is in 
position to be read from a drum or other storage and the instant 
at which the next operation can begin; i.e., the read time. Also, 
the interval between the instant a signal to store information is 
received and the instant at which storage is completed; i.e., the 
write time. 
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Addend ; The nturiber which is added to another number in addition. 
Adders A device capable of forming the sum of two quantities. 
Address ; A label such as an integer or other set of characters which identifies 
a register, location, or device in which information is stored. Specif- 
ically, the designation of a location from which a number is to be 
brought for arithmetic operation* 

Absolute address (specific address) ; The label(s) assigned by the 
machine designer to a particular storage location. 

Relative address ; A label used to identify a word in a routine or sub- 
routine with respect to its position in that routine or subroutine. 
Relative addresses are translated into absolute addresses by the addition 
of sane specific "reference" address, usually that at which the first 
word of the routine is stored. 

Symbolic address (floating address) ; A label chosen to identify a 
particular word, function or other information in a routine, independent 
of the location of the information within the routine. 
Argument ; An independent variable j a given value subject to some operation from 

which a corresponding result is to be found. 
Binary-coded decimal ; System by which decimal numbers are represented by a 
column (or row) of four binary digits. In this canputer each binary 
digit in the coliimn represents a fixed decimal value. 
Column of /" [O} 



four 

binary 

digits 



j m 



value in 
decimal system. 
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A zero in one of the four bits indicates that the corresponding decimal 
value is to be omitted. The decimal values of the "one" bits are summed 
to find the total decimal value of the four-bit column. For example the 
column representing a decimal six would be: 



fo.1 



U + 2 = 6 



Binary nuiTiber system ; Number system in wiiich there are only two characters, 
and 1, represented by the two states of various types of ccsnponents. 
Electronic computers use the binary system or binary-coded systems 
extensively since the two states of components are "on" and "off", or 
conducting and non-conducting. 
Bit ; A binary digit. 

Block; A group of words considered or transported as a unit. 
Breakpoint ; A point in a routine at which the computer may, under the control 

of a manual switch, be stopped for a visual check of progress. 
Cell ; Storage for one unit of information, usually one character or one word. 
Character ; One of a set of elanentary symbols such as those corresponding to 
the keys on a typewriter. The symbols may include the digits through 
9, the letters A through Z, punctuation marks, spaces, operation symbols, 
and any other single or coded symbols which a computer may read, store, 
or write. 
Checkout ; Trial run of a completed program to test for any coding, scaling, 
punching, or keyboard errors. 
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Code ; 

(noun) - A system of symbols and of riiles for their use in representing 

information. 

(verb) - To prepare problems in computer code or in pseudo-code. 
Command ; A word consisting of an order (two digits), an operand address or 

operational indicator (four digits), and other digits performing 

various tally and ccmtrol functions. Also, in this computer, one of 

the orders (arithmetic, logical, -shifting, or transfer operations) 

which the computer executes on the appearance of the appropriate two 

digits in the control section. 
Console ; Desk containing operator's control panel for the computer. 
Control counter ; A four-digit register, capable of counting, which holdsat 

all times during maciiine operation the address of the command to be 

executed next. 
Cycle ; 

(noun) - 1*.' A set of operations repeated as a unit. 

2. A non-arithmetic shift in which the digits dropped off at 
one end of a word are returned at the other end in circular 
fashion. 

(verb) - To repeat a set of operations a prescribed number of times. 
Debug t To isolate and remove all malfunctions from a computer or all mistakes 

from a routine » 
Decade ; One decimal digit of a register, represented on the ElectroData console 

by four neon lamps in vertical column. 
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Digit: One of the n symbols of integral value ranging from to n-1 inclusive 
in a scale of numbering at base n; especially, one of the 10 decimal 
digits. 

Floatinp-point representation ; A notation in which a number x is represented 

by a pair of numbers y and z (and two integers n and m which are under- 
stood parameters in any given representation), mth y and z chosen so 
that X = Y'-a" , where z is an integer and ordinarily y = or m > |y| > 
m/n, (where n is usually 2 or 10 and m is usually l). The quantity y is 
called the fraction or mantissa; the integer z is called the exponent or 

characteristic * 

Flow chart ; A graphical representation of a sequence of operations, using symbols 
to represent various operations. 

Forbidden combination ; A combination of binary-coded decimal digits which produces 
a number between ten and fifteen inclusive. 

Format control ; Manually adjustable circuits which determine Flexowriter print- 
out form. 

In-check point ; Point in prograra where computer can be stopped and a machine 

computed value can be checked against a known value. Used during check- 
out of a program. 

Instruction ; The two digits of an order or command. Also, certain other digits 
of a command wrd which perform such functions as controlling format of 
printout and the operation of input devices. 

Keyboard ; Device whereby numbers can be loaded into computer or punched on tape 
simply by depressing a key corresponding to the correct decimal digit or 
character. 
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Loop ; Depending upon context, the word may mean: 

1. A section of coding repeated a number of times. 

2. A section of memory having much shorter access- time than the main 
memory. 

3. A length of paper tape with beginning and end spliced together. 
Mcrosecond ! One millionth part of a second, 

Mllisecond ; One thousandth part of a second^ 

Modify ; To alter in a command the address indicating where the operand is stored. 

Most (least) significant digit ; In decimal numbers, the digit in a number which 

is multiplied by the algebraically highest (lowest) pokier of 10 appearing 

in that number. Also called "highest- (lowest-) order" digit. 
Normalize ; To shift left a number in the A register until the first non-zero 

digit is in the first position of the A register. For example, 

+,0000^67632 in normalized form is +.5678320000. 
Operand ; Any one of the quantities entering or arising in an operation. An 

operand may be an argument, a result, or a parameter; specifically, in 

this computer, the number stored at the location designated by the 

address part of certain command words. 
Order ; (See "Conmand".) In this computer, a two-digit instruction, A 

fundamental distinction for timing and internal operation is that 

between operand and no-operand orders. 
Overflow; (over capacity) - In an arithmetic operation, the generation of a 

quantity beyond the capacity of the register or location T<rfiich is to 

receive the result. 
Parameter; In a subroutine, a quantity ^-Aiich may be given different values 
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when the subroutine is used in different main routines or in different 
parts of one main routine, but which usually remai.ns unchanged throughout 
any one such use. 

Patch panel ; Multiple-terminal electrical connector(s); specifically, connectors 
at the rear of format control assembly TMhich route information among 
various output devices, 

Prestore ; To store a quantity in an available or convenient location before it 
is required in a routine. Also, to set an initial value for the address 
of an operand or a cycle index; to restore. 

Pregram ; (noun) - A plan for the solution of a problem. A complete program 

includes plans for the transcription of data, coding for the computer, 
and plans for the absorption of the results into the system., 
(verb) - To plan a computation or process from the asking of a question 
to the delivery of the results, including the integration of the 
operation into an existing system. Thus programming consists of plan- 
ning and coding, including numerical analysis, systems analysis, 
specification of printing formats, and any other functions necessary 
to the integration of a computer in a systems 

Register ; A temporary storage place for a nuiiiber which has immediate access. 

Routine ; A set of instructions and data in the proper order, enabling a computer 
to solve a programmed problem, i^or this computer, coded routines are 
punched on tape or cards. 

Run (noun): One performance of a program on a computer. 

Scaling ; Determining of size of numbers likely to be encountered during a 

computation and making provision in the code to keep them within the 
range of the coi^uter. Also, adjusting the size of the input data to 
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fit the computers 
Serial operation ; Usually refers to way in which numbers are transferred between 

registers or storage locations. Serial indicates digit-by-digit operation. 
Subroutine ;' The set of instructions necessary to direct the computer to carry out 

a well-defined mathematical or logical operation; a subunit of a routine. 

A subroutine is often written in relative or symbolic coding even when 

the routine to which it belongs is not. 
Tally : To coTint the number of passes through a series of commands. 
Toggle : Electronic circuit consisting of a bi-stable multi- vibrator or flip-flop. 

Its "on", or "one" position is indicated on the console by a neon light. 
Word: A set of characters which occupies one storage location and is treated by 

the computer circuits as a unit and transported as such. Ordinarily a 

word is treated by the control unit as a command, and by the arithmetic 

unit as a quantity. 
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CHARACTERISTICS OF THE COMPUTER 

The ElectroData Computer is a general-piirpose automatic digital computer 

capable of being programmed to solve a wide variety 'of mathematical, engineering, 

and business problems. In common with other fvlly automatic digital computers, 

it stores instructions (coded in numerical form) and the numbers with which it is 

to operate, interchangeably in its internal memory. It makes comparisons between 

numbers or instructions and alters the sequence of operations accordingly. These 

two basic capabilities enable this type of computer to: 

Perform arithmetic and logical operations on either instructions 
or numbers in accordance with sequences of instructions stored 
in its memory J 

Select alternate sequences of instructions depending upon the 
results of a comparison between two numbers or instructions; and 

Alter or modify one or more instructions in accordance with a 
fixed sequence of instructions. 

The solution of computer problems, in general, involves many repetitions 
of relatively few basic sequences of operations; the hundreds of thousands of 
individual operations required for the solution of a typical problem may be 
carried out entirely automatically by the computer in accordance with an 
original set of perhaps only a few hundred instructions. In many cases, the 
original set of instructions may be used over and over again to provide solu- 
tions of the same problem for various changes in the parameters, or the same 
set of instructions, with minor modifications, may be used to provide solu- 
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tions for many related problems. The ability of an autanatic electronic digital 
computer to perform arithmetic and logic (including selection of alternate 
sequences and alteration of instructions) at the rate of several hundred opera- 
tions per second makes it an efficient tool for solving complex problems, or for 
reducing large quantities of raw data. 
Computer Systems 

ElectroData computing systems now available include: 

A, Input-Medium Preparation Equipment 

B, Input Equipment 

C, Basic Computer 

D, Auxiliary Storage Equipment 

E, Output Equipment 
Number System 

The ElectroData Computer operates in the decimal number system, representing 
each digit of the data and coded instructions by a group of four binary digits, 
called a decade . The position of the binary digit indicates a 1, 2, U or 8 in 
the decimal system. Using this binary-coded-decimal system, it is possible to 
represent numbers up to 1$ (sum of 1, 2, h and 8). However, those above nine 
are not used in the ElectroData computer except for internal checking. Internal 
operation in the familiar decimal system (in contrast to the binary, octal, or 
hexadecimal systems often employed by electronic computers) significantly simpli- 
fies the preparation of the instructions (coding), eliminates the necessity for 
conversion to and from the decimal system for input and output, and facilitates 
the location of coding and machine errors, should they occur. 
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The register length is 10 decimal digits and algebraic sign; all numbers are 
stored in the memory as absolute value and sign. Fixed-decimal-point operation 
is normally employed, all numbers being treated as if the decimal point were fixed 
between the algebraic sign and the most significant digit. All numbers lie 
between -1 and +1, The smallest non-zero absolute number that can be represented 
is 1 . 10"^°. 
Command System 

The computer uses one -address instriiction code, with each command (or instruc- 
tion) occupying the same memory space as one normal number, A command is made up 
of three parts: 

(a) the nurerica]. code for the specific operation to be 
performed, (two decimal digits); 

(b) the address, usually a location in the memory to be 
referred to during execution of the command (four 
decimal digits); 

(c) and digits which designate special properties of the 
command, (These will be described later.) 

The address part of a command word occupies the four least significant digits 
of a register or memory location, which simplifies arithmetic modification of 
addresses. The two-digit operation code immediately precedes the address. The 
codes for special operations occupy the other positions. 

Since the computer operates in the single-address system, the address of the 
next command to be executed need not be specified explicitly; commands are always 
executed in the sequence in which they are stored in the memory until this normal 
sequence is interrupted by the execution of a "change control" command, which 
specifies the address of the next command to be executed. 
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Memory System 

A magnetic drum, rotating at approximately 3600 rpm, along with the associated 
magnetic reading-siting heads and electronic circuits, serves as information 
storage for the computer. 

One section of the drum, called the main memory , has a capacity of 1^000 words. 
(A xTOrd is either a number or a coriimand.) Twenty bands along the axis of the drum 
contain 200 words each around the circumference of the drum. Each band consists 
of four tracks. Each track, containing one binary digit of the decimal code, is 
provided with its own reading-writing head and the associated circuits. The four 
heads for one band read or write simultaneously, handling binary digits in parallel. 
Since the positions for the eleven decimal digits of each word (including the 
algebraic sign) occur circumferentially on the drum, they successively come into 
position under the heads as the drura rotates, handling decimal digits in series. 
Since the electronic arithmetic section of the computer handles the numbers and 
instructions in the same way, the computer operates in "series-parallel". 

A second section of the drum, the quick-access memory , has a storage capacity 
of 80 words. It consists of four circulating loops, each loop having two groups 
of four magnetic heads and associated circuits. There is space for 20 words 
between the two groups of heads for each loop. As each decimal digit is read, the 
signals from the reading heads are amplified, reshaped, and sent back to the 
writing heads, which precede them rotationally. Thus, the block of 20 words in 
each loop is continuously circulated as the drum rotates. Single words may be 
read from or written into any of these four loops, or a block of 20 consecutive 
words may be transferred m either direction between any of the loops and the 
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main memoiy« 

Pulses derived from permanently recorded tracks on the drum, in conjunction 
with the electronic control circuits, synchronize the operation of the computer 
and positively locate specific word and digit positions around the circmnference 
of the drum. Any particular xrord position in the main memory may be specified 
by giving the band (lengthwise along the drum) and the sector (circumferentially 
around the drum, relative to the origin-pulse position) in which it is located. 
For the convenience of the coder, addresses of word positions in the main meraoi-y 
are designated by numbers - 0000 through 3999; the translation of an address so 
designated into the coordinates of band and sector is accomplished electronically. 
Addresses of word positions in the quick-access memory are designated by decimal 
numbers of the UOOO, 5000, 6000 or 7000 series, referring respectively to the 
four loops. For convenient reference, these four loops are called the "UOOO", 
"5000", "6000", and "7000" loops or L^, L^, L^,and L , respectively. 

It is important to note that nur.ibers or commands viiich have been block -- 
transferred betvreen main memory and the loops may be altered during the course of 
computations in one storage Aile remaining unchanged in the other. This feature 
often reduces the coding and operation time x^hich would otherwise be required for 
restoring sequences of instructions or numbers to their original forro in readiness 
for re-use during a subsequent phase of computation. If, however, alteration of 
commands or numbers is required, those wi'iich have been altered can be block- 
transferred or separately transferred to their original positions in storage, 

l-Jords recorded on the drum surface are destroyed only by having other words 
written over them. Therefore, information may be retained in memory overnight 
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or during a power failure. However, information in the quick-access loops may be 
garbled during shutdown. 
Internal Checking 

The appearance of an unexpected aritlimetic overflow (or unpredicted setting 
of the overflow toggle) will automatically stop the computer. In addition, the 
appearance of a forbidden combination of binary digits that is, one repre- 
senting the numbers 10 throuch 1$ at any one of several critical points in the 

computer, will also stop computer operations. These tvro internal checks serve to 
detect the majority of coding and computer errors, A sector alarm guards against 
garbling of information in the memoi^'-. At the instant of the origin pulse or 
zero pulse referred to earlier, the device xv^liich counts the 200 sectors of the 
drum is inspected to see that it registers zero. If it does not, the machine 

stops. 

Extensive provisions are made for marginal checking of the computer during 
scheduled preventive maintenance periods. This type of check, made while running 
special test problems, will assist the operator in locating and replacing marginal 
components which could cause computing errors within the next few hours of normal 
operation. 
Registers, Govmters, and Controls 

The command list (to follow) describes, in summary form, the operations 
automatically carried out by the computer. These descriptions make reference to 
various electronic registers ^ose functions are briefly as follows: 

A Register: This register contains 11 decimal- digit positions. Ten 
are for the number or instruction and one for the 
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algebraic sign. This register acts as an accumulator 
and the results of most operations appear here at the 
end of the operation, 

R Register: This register contains 10 decimal-digit positions (no 
algebraic sign). In several operations, it serves as 
an extension of the A register, holding the 10 least 
significant digits of the number contained in the 
combined A and I: registers, 

D Register: This register contains 11 decimal-digit positions. Ten 
are for the number and one for the algebraic sign. All 
words entering the register^ frcm an input medium or 
from the drum, first pass through the D register. Al- 
though it is not explicitly used in coding, the D 
register contains one of the operands during an arithmetic 
operation, 

B Register: This register contains four decimal-digit positions, and 

is used to facilitate the modification of commands and for 
tallying. As each command is received from memory, it is 
checked to determine whether its address is to be modified 
or not. This is determined by a 1 or a in the algebraic 
sign position. If the sign digit is 1, the £our<-digit number 
contained in the B register is added absolutely to the 
four least significant digits (the address part) of the 
command, and the command is then executed as modified by 
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the contents of the B register. The usefulness of the B 
register will be pointed out more fully later, but it is 
important to note that the commands with negative sign, 
as stored in the memory^ are not altered by the operation 
of this register J they are tanporarily modified in the 
electronic registers immediately before execution. Thus, 
the same command may be executed many times during a 
computation, tenporarily modified each time by a different 
numbei- in the B register, 

C Register: This register, also called the command register, contains 
10 decimal-digit positions. The first two positions 
contain the order, and the next four contain the address 
of the operand, if there is an operand. The last four 
positions are the control counter, which holds the storage 
address of the command to be executed following the 
command now in the first six C-register positions (order 
register and address register) , 

All information entering the coninand register is treated 
as a command. This is the only criterion by which the 
con?)uter differentiates between commands and numbers. 

Special Counter: Ihe special counter is a binary-digit counter that 
is used 

1) to count the number of shifts in multiplication 
and division 
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2) to count the number of left shifts necessary to 
normalize the contents of the A register (see 
spl y command). 

Adder; All arithmetic operations are performed in the Adder, Also, 
input and information from the drum destined for the A, B, 
or C registers pass throT:igh the adder. For a complete 
discussion of adder operation, during addition refer to 
Section 3« 

Operation Control: The operation control senses 

1) the order in the command register 

2) whether or not an operand is to be brought to 
the D register. 

Storage Control: The storage control regulates the flow of information 
to and from the storage drum, 

A word entering the computer from an input medium goes 
first through the D register and the adder. If, at this 
moment, a word is to be interpreted as a tape command 
(see tape conmnds), then the adder shunts the word into 
the C register for execution as a command. Otherviise, 
the word is sent through the A register and then to the 
drum. 

In the normal sequence of events, the computer fetches 
the command from the location specified by the control 
counter, and increases the content of the control counter 
by 1, VJhen the command is fetched, it is brought to the 
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D register through the adder and then to the coimiand 
register. The command is modified in the adder, if 
necessary, by the contents of the B register* Now the 
coit53uter is ready to execute the command. 
Full discussion of fetching and executing of commands is 
found in the discussion of the timing toggle in Section "P* 
Ivords from the drum, defined for the A and B registers, 
are sent to the designated register during the execution of 
the appropriate corrmands for loading the registers. The 
path is from the druia to the D register, through the adder, 
and then to either the a or the B register. 
The R register may be loaded from the drum by means of a 
right shift through the A register. 

Information to be punched out on paper tape or printed on 
the typewriter canes from the A register. 
Overflow Toggle and Change of Control 

The overflow toggle, referred to in the descriptions of several of the 
coamands, will be set under any of the follovdng conditions: 

1) Arithmetic overflow (i.e., a result equal to or greater than 1 ±n 
absolute value) during the execution of extract-:;-, addition or sub- 
traction commands, round-off, or adding or subtracting the contents 
of the special counter into the A register, 

% The extract command can cause overflow only if used with digits other than and Ic 



Copyright 19$h 

by ElectroData Corporation 



ElectroData Corporation 



Programming and Coding 
Section 2 page 11 



2) Failure of division (i.e., the absolute value of the divisor equal to 
or less than that of the dividend) during the execution of a division 
command. 

3) Detection of difference between the algebraic signs of the numbers in 
the A register and that in the . memory location during the execution 
of a "sign compare" command. 

Any of the commands Tirtiich effect conditional change of control, even 
if not specifically a "cc", >7ill momentarily set the overflow toggle, 
if that transfer is completed. For example, "zero check", "decrease 
B", and "special left" commands. 
The overflow toggle can be set during the execution of any one of the 
commands included above. Often the coder \-n.ll deliberately use one of these 
commands to compare the number in the A register mth some known number and 
will wish to select one of two alternate sequences of operations in accordance 
with the results of this comparison. In other cases, the coder may predict the 
possibility that the overflow toggle may be set during the execution of one of 
these commands, and wish to change from the normal sequence to some alternate 
sequence of commands only if this occurs. In either case, the command which 
may cause the overfloxj toggle to be set will be followed by one of the 
"conditional change-control" commands. If the overflow toggle is set, the 
conditional "change-control" command i/dll be executed; if not, it will be skipped. 

At times, however, the coder may not predict the possibility that the over- 
flow toggle may be set during the execution of the ccanmands listed above, or 
may not consider it worth while to provide an alternate sequence of commands. 
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In such cases setting of the overflow toggle, not followed by a 'teonditional change- 
control" command, will indicate codjjig or scaling trouble. Accordingly, if a 
command which causes the setting of the overflow/ toggle is not followed by a 
'Conditional change -control" command, the computer will stop and set off an alarmo 
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COMMANDS 
Arithmetic Commands 

Modular Considerations of the Address Parts of Commands . In order to fully 
understand the operation of the commands, it is necessary to understand the 
modular correspondence which is involved. 

If a number is congruent, or corresponds, to a second number, modulo n, 
then the difference between the two numbers, divided by the modulus, n, is an 
integer; in mathematical terms, 

a s b mod n 

If ^"^ => k, where k = integer 
n 

Foi" example, 26 » 2 nod 6 or 103 a- 3 mod 5. 

The address part of most commands is interpreted modulo 8000. Thus 926? 
is interpreted as 126? and 20U5 is interpreted as 20ii5. However there are 
several important exceptions which are noted in the description of the com- 
mands. 

In all arithmetic operations the operands are rtored in the A and D reg- 
isters, the number in D having been fetched from the memory location specified 
in the address part of the command word. 
Addition 

Add (ad x, 7U) . Add to the number in the A register the number in memory 

location x. This command and associated add commands do not affect the 

contents of the R register. 

Subtract (su x, 75) . Subtract from the contents of the A register the 

number in memory location x. 
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Add Absolute Value (ada x, 76) Add to the A register the number in memory- 
location X with a positive sign attached. 

Subtract iibsolute Values (sua x^ 77) Subtract from the number in the A 
register the value of the number in memory location x with a positive sign 
attached. 

Clear and Add (ca x. 61i) ^ Clear and Subtract (cs x, 6$) , Clear and Add Ab- 
solute Value (caa x, 66) , and Clear and Subtract Absolute Value (csa x, 67) . 
These commands have the same affect as the corresponding commands without 
the "clear" except that they clear the A register before the addition. 
Overflow 

The computer considers all numbers to be less than 1 in absolute value. 
Since two numbers less than 1 may have a svm equal to or greater than 
1,0000000000 (and less than 1.9999999999) in absolute value, the me^chine indi- 
cates the presence of a 1 or a number greater than 1 in the sum by setting the 
overflow toggle. The fractional part of the sum is retained in the A register. 

Sign of Zero 

All words have signs and zero words are no exception, \^hen the sign 
compare order (sgc x) is used, it becoiiies important to know the manner in which 
the sign of zero is determined. 

Vihen the zero is a product or quotient, its sign is the algebraic result 
of the operation. 

When the zero is the result of an addition or subtraction, its sign is 
the algebraic product of the sign of the operation and the sign of the 
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operand] schematically; (+x) (+x) (-x) (-x) , where the upper number is in 

-(+X) *{'X) -(-x) +{+x) 

-0 -0 +0 +0 
the A register. 
Adder Operation 

All arithmetic operations are perfoimed in the adder by means of serial 
addition, which is to say that addition takes place one decimal place at a time, 
the four binary components of the two digits being added in one operation. The 
number transferred from memory to the D register for addition to the number in 
the A register may be modified as a result of the execution of the variants of 
the add operation which are listed below: 

ad X The sign of the number in the D register is unchanged, 

su X The sign of the number in the D register is reversed. 

ada X The sign of the number in the D register is set to plus (O). 

sua X The sign of the number in the D register is set to minus (l). 

A detailed discussion of the mechanism of addition may be of interest, and 

is given below. 

Two toggles are used in conjunction with the adder during the addition 
cycle, the sign toggle and the coraplement toggle. The function of these toggles 
will be understood from the following description. After the number in the D 
register has the appropriate sign, the machine executes the following sequence 
of operations to perform the addition; 

1. Compare the signs of A and D. If they are different, set the complement 
toggle; if they are the same, do not. 
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2, Transfer the sign of D to the sign toggle. 

3. Clear the signs of A and D, 

1^. Inspect the con^lement toggle. If it is set, replace A, including sign, with 
the nines complement plus 1 • 10'^°. If it is not set, do not change A. 

5. Add A and D including sign position. 

6. If the result has in the sign position 

0, transfer the number in the sign toggle to the sign of A and addition 

is complete. 

1, set the overflow toggle and transfer sign toggle to the sign of A 

and addition is complete. 

(These two cases take two word-times.) 

9, recomplement A, reverse the state of the sign toggle, and add the 

cleared D register to A.. (The last case takes four word- times.) 

Example: 

The A register contains 1,2222222222, the command is "subtract," and the 
number going into the D register is 0.555555555>. The subtract corrmand 
changes the D register to 1.5555>3'555^. Since ASG and DSG are now the same, 
the complement toggle is not set. Since DSG is 1, the sign toggle is set to 1. 
In the registers, both I's (ASG and DSG) are cleared. After the add operation, 
the A register contains 0.7777777777. Since the sign toggle contains 1, the A 
register is changed to 1.7777777777 » 

Ihe A register contains 0.2222222222, the command is "add," and the number 
going into the D register is 0.8888888888. DSG is not changed for an add 
command. Since ASG and DSG are the same, the complement toggle is not set. 
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and since DSG is 0, the sign toggle is set to 0. ASG and DSG are cleared, which 
in this case produces no change. After the add operation, the A register con- 
tains 1.1111111110. Since DSG is 1 at the end of the add operation, the overflow 
toggle is set. Then ASG is replaced by the content of the sign toggle, in this 
case 0. If the sign toggle had held a 1, ASG would have remained 1. 

The A register contains 1.8888888888, the command is "add absolute," and 
the number going into the D register is 1.2222222222. "Add absolute" changes 
the D register to 0.2222222222. Since ASG and DSG are now different, the com- 
plement toggle is set to 1. Since DSG is 0, the sign toggle is set to 0. Since 
the complement toggle is set, the A register is changed during the addition, 
digit by digit, so that it Is effectively the nines complement plus 1 • 10" , 
or 9.1111111112. After the add operation, the A register contains 9.333333333U. 
The sign toggle is reversed to 1. Since the complement toggle remains on, the 
second add operation, initiated by the 9 in ASG, complements the A register 
digit by digit, adding 1 • 10'^°. The D register is zero after the first opera- 
tion, since its right shift is non-circxilating. After the second add operation, 
the A register contains 0.6666666666. Since the sign toggle contains 1, the A 
register is changed to 1.6666666666, 

With this information it is easy for the reader to check the sign-of-zero 
listing given earlier. 
Multiplication 

Multiply and Hold(mh x 60) Multiply the number in D by the number in the A 
register; and hold the 20-digit product in the A and R registers. In the 
multiply-hold command, R is considered to be an extension of A. Before 
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any multiplication command the R register is automatically cleared. 
Multiply and Round Off (inr x 70) Multiply the number in the D register by the ^, 
number in A and roirnd off. If the first di^t of R is 5 or greater, in- 
crease the absolute value of the number in the A register by 10 . 
If the first digit of R is less than Sj do not change A. In either case 
the R register is cleared after the command has been executed. There is 
no possibility of overflow upon execution of a multiply and round off 
command. 

Round Off 

-10 
Round 0ff(ro 23) If the first digit of R is 5 or greater, add 10 to the 



absolute value of the number in the A register and clear R, If the first 
digit of R is less than $, clear R. Overflow is possible if A contains 
all 9's and the first digit of R is 5 or greater. 
Division 

Divide (div x 6 3) Divide the number in the A and R registers by the number 
in memory location x. In this case as well as in the result of the mh 
command, the R register is considered as an extension of A. If the number 
in A and R is less in absolute value than the number in x, the division is 
perforraed| the A register will contain the 10-digit quotient, the R register 
the true remainder after the divide command has been executed. If, however, 
the number in A and R is greater in absolute value or equal to the number 
in the D register, the overflow toggle is setj A and R are cleared. 

The setting of the overflow toggle indicates only that the numerator 
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in the proposed division was greater than or equal to the denominator in ab- 
solute value, indicating that the quotient is greater than or equal to 1. 
Since the magnitude of the overflow is not known as it is in addition, both 
registers are cleared. With proper scaling such overflows can be avoided. 
Unlike the multiply commands, a divide command does not cause the preliminaiy 
clearing of the R register. Therefore, when the R register contains a number 
of no importance to a division, the coder should clear R before executing the 

divide order. 
Clear R 

Clear R(cl R 3^ Clear the R register. 

Unit Adjust 

Unit Adjust(ua 06) Set the "1" toggle in the first position of the A register. 

This command effectively increases an even digit in Al, making it odd, 
and leaves an odd digit unchanged. This command is normally used following 
a right shift to canpensate for overflow on an addition. It allows the 
coder to compensate for the overflow without testing for sign, 

Al before ua Al after ua 




1 
2 
3 
h 
5 
6 

7 
8 



1 
1 

3 
3 

7 
7 
9 

9 
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Storage Commands 

The results of arithmetic operations are stored in the A register. The 
transfer of these results to memory is effected by two commands which do not 
affect the R register. They are; 

T o Memory and Hold (tmh x 12) Store the mjmber in the A register in memory 
location x, and retain the number in the A register. 

To Memory and Clear (tiac x0 2) Store the number in the A register in memory 
location x, and clear the A register, including the sign position. 
Shift Commands 

For scaling, command modification, interpretation, etc., it is sometimes 
necessary to relocate the digits in the A and R registers. This can be done 
with shift commands. Shift cominands are necessary for transferring information 
from the A to the R register. During many operations the R register is not 
disturbed and it may be used for temporary storage by shifting (A) into R, The 
shifting commands along with the extract command can be used to divide a word 
into component parts. For example^ the mantissa and exponent index of a word 
in floating-point computation must be separated before arithmetic operations 
are performed with that word. Shift commands make it a simple matter to mul- 
tiply or divide by powers of ten. Special shift commands have been incorporated 
for the normalization of numbers and the ccmputation of exponent indices for 
floating-point operation. 

Shift Right(3r n X3) Shift the number in the A and R registers, not includ- 
ing sign, n places to the right (n is interpreted mod 20). The n least 



Copyright 195U 

by ElectroData Corporation 



SlectroData Corporation 



Programming and Coding 
Section 3 page 9 



significant digits are lost. The first n significant digits become zero. 
In this command as well as the following command, the number of shifts (n) 
is indicated by the address part of the command word. 

Shift Left(sl n Xk) Circulate the number in the A and R registers, not in- 
cluding sign, n places to the left (n is interpreted mod 20). The n most 
significant digits in A become the n least significant digits in R, 
Logical Cycle Left(lcl n 01) Circulate the A register, including the sign 
digit, n+1 places to the left, where n is interpreted mod 20. The R 
register is not affected by this coromand. 

Special Left Shift(6pl y ^5^ If the number in the A register is not zero, 
shift the A and R registers to the left until the first non-zero digit in 
A is in the first position of the A register. Change of control does not 
take place. If the A register contains zero, replace the contents of the 
A register by the contents of the R register and change control to memory 
location y. 

This command normalizes the number in A and R. It is frequently used 
in floating-point operations. For further discussion of floating-point 
arithmetic see Section 6» 

Since it is important to know the number of shifts that occur as a 
result of the special left shift, a count of these shifts is stored in the 
special counter. 
Special Counter Commands 

The special counter is a four- toggle binary counter recycling on 15. It 
is used in the machine for three purposes: 
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1. To count the shifts during multiplication 
2e To coimt the shifts during division 

3. To count the shifts necessary' to normalize a number with a special 
left^ The number in the special counter after the canpletion of a 
multiply or divide command is 9 (except when division sets the overflow 
toggle). After a special left (spl y) command the special counter 
shows the number of zeros in A to the left of the first non-zero digit; 
in the case where A = 0, the special counter counts to 10. The number 
in the special counter is retained until a multiply, di\dde, or another 
special left has been executed. In all of these cases it is cleared 
before the new number is added to it. Information may be obtained from 
the special counter by means of two commands. 
Add Special Counter (spc-*' 16) Add (algebraically) the mjimber in the special 
counter scaled 10" , to the number in the A register. 

Subtract Special Counter ( spo«» X?) Subtract (algebraically) the number in the 
special counter scaled 10" H from the number in the A register. 
As in the addition commands, there is a possibility of overflow. Also, the 
special counter can contain a forbidden combination. In such a case, the 
execution of a spc+ command will signal the forbidden combination alarm, 
and the computer halts. 

Extract Command (ex x 63) The extract command as it is normally used will be 
considered first. In this case, memory location x will contain a combina- 
tion of O's and I's. This number is referred to as an extract combination. 
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For the digits of the extract combination that are zeros, replace the cor- 
responding digits in the A register by zeros. For the digits of the extract 
combination that are ones, leave the corresponding digits in the A register 
unchanged. For example, if the A register reads 

(A) = -675U902387 
and the extract combination in memory location x reads 

(x) = +0001111010, 
then the number in the A register after the execution of the extract command 
is 

(A) = +OOOU90208O. 
If the extract combination is not restricted to and 1, the execution 
of the command is an addition according to the following rule: 

If an extract digit is even, then the digit corresponding to it in the 
A register is replaced by the extract digit. 

If an extract digit is odd, then the digit corresponding to it in the 
A register is added to the extract digit minus one. 

The result replaces the A register digitsj i,e,,(A-]_)^ = (Aj^)-^ + (xj) -1. 
If this sum is greater than or equal to 10, a carry occurs, which will be 
added to the A register digit to the left of the digits whose "addition" 
resulted in a carry. It is possible that certain extract combinations can 
cause the overflow toggle to be set, e.g. 

(A)^ = +.79638281i65 
(x) = -.758991067I4 



(A)^ = l.U39262072li 



Copyright 195U 

by ElectroData Corporation 



ElectroData Corporation Programming and Coding 

Section 3 page 12 

The extract combination containing only O's and I's is merely a special case 

of the generalized extract combination, and follows the same rule of "addition." 

Loop Transfer Commands 

Block Transfer into a Loop (bl(U)<'-"X 3U) Block transfer into the I4OOO loop 
the 20 words at memory location x through memory location x + 19, the main 
memory and loop addresses corresponding modulo 20, The commands bl(^)< — -x , 
bl(6)g— »~x , bl(7)<-— X j are executed in the same way as the above command, 
the 20 words being blocked into the $000, 6OOC, and 7000 loops respectively. 
Because it is not possible to block transfer from one loop to another, all 
blocking commands are interpreted modulo i^OOO. Information transferred from 
main memory into a high-speed loop remains in main memory. 
Block Transfer into Main Memory (bl(i;) — >x 2 l^lock transfer into 20 main 
memory positions starting at memory location x the words in the liOOO loop. 
The words will go into main memory locations corresponding modulo 20 to their 

loop addresses, bl(5) >x, bl(6) >x, bl(7)- — >x, commands are defined as 

above with the exception that we substitute 5000, 6OOO, and 7000, respectively, 
for I4.OOO. After execution of a block transfer command, the information is 
retained in the loop until new information is mrdtten in. 

Change Control Commands 

Unconditional Change of Control(<?tt y^20 )Change control unconditionally to 
memory location y. This command replaces the contents of the control counter 
with the address part of the cu command. 
Conditional Change of Control(.cc y 2^) If the overflow toggle is set, change 
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control to y and reset the overflow toggle to 0. If the overflow toggle is 

not set, ignore this command* 
Control Block Transfer 

The two comands listed under this section and two of the commands in the 
folloid.ng sections are a coirMnation of change of control commands and block 

transfer. 

Block and Unconditional Change of Control (cub y 30 ) Block transfer into 
the 7000 loop the xrords at 20 consecutive locations starting at main memory- 
location y, and change control to the image y in the 7000 loopj y is inter- 
preted modulo UOOO. It is important to note that the words occupy locations 
in the 7000 loop which are congruent modiao 20 to their prexdous main memory 
addresses. Change of control is effected by replacing the first two digits 
in the address part of the comand word by 70 and placing this in the control 
counter. This coraaand therefore automatically changes control to the 7000 

loop. 

Block and Conditional Transfer of Control (ccb y 38 ) If the overflow 

toggle is set, this cortitiand acts in the same way as the cub y command 

described in the previous praragraph. If the overflow toggle is not set, 

this command is ignored. 

Since the control counter performs the operation of counting up one only 

after the comand word has been fetched, it can be seen readily that the 

cub command must replace the first two digits by 70, not merely replace 

the first digit by 7, If, say, a cub 2999 were executed and the first 

digit only were replaced by 7, one connand execution XTOuld cause a 
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control change from the ?000 loop into main meriory, 
Control-Record Coninands 

Unconditional Gngji^e of Control and Record (cuR y 21) Clear the R register, 
replace its four most significant digits with the contents of the control 
counter, and change control unconditionally to memory location y. This 
command records the addi-ess from which a departure into a subroutine has 
been made, and malces it possible to provide in advance for a control 
change to the next address in the main routine. 

Conditional Change of Control and Record (ccR y. 29 ) If the overflow toggle 
is set, clear the R register, replace its four most significant digits with 
the contents of tho control counter, and ciiange control to memory location 
y. If the overflow toggle is not set, ignore this command. 
Block, Unconditional Change of Control and Record (cubR y 31) Clear the R 
register and replace its four most significant digits >ri.th the contents of 
the control counterj block transfer the words in memory location y and the 
folloT-Jing 19 locations into tiio 7000 loop and change control unconditionally 
to the number corresponding to y in the 7000 loop^ 

Block, Conditional IVansfer of Control and Record (ccbR y 39 ) If the over- 
flow toggle is set, effect a cubR y command. If the overflow toggle is not 
set, ignore this command. 

The record commands are used for subroutine entry and exit. For further 
details see Section 6«. 

Note that all block transfer commands are interpreted modulo ItOOO, The 
y's in the coinnands that perform a blocking operation are interpreted 
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modulo UOOO3 while tho-se in other commands are interpreted modulo 8OOO. 
These commands do not disturb the contents of any register other than the 
C register. 

Zero Check (z y Ok) If the A register does not contain ±0 before the 
execution of this command, change control to memory location y. If the 
A register contains +0, ignore tnis coraraand (-0 is changed to +0), 
Sign Compare (sgc'x 73) If the sign of th« A register is the same as the 
sign of the word in memory location x, do not set the overflow toggle. If 
the sign of the A register is not the saine as the sign of the word in 
memory location x, set the overflow tog'^;le3 

The sign compare command is usually followed by a cc, ccR, ccb, or ccbR 
command. If it is not, the setting of the overflow toggle will cause the 
machine to stop. It is only because of the sgc x cojimand that the programmer 
need knoT'J the sign of zero, 
3-Register Commands 

Replace B (Bx 72) Set the B register to the last four digits in main 

memory location x. The sign of the number in x has no bearing on the 

setting of B, 

Increase B (B+ 32) Add 1 to the contents of the B register. 

If the B register before the execution of a 3+ command contains 9999, it 

will contain 0000 after the execution of the command. 

B to A (B— >A) Clear the A register and replace its four least significant 

digits with the contents of the B register. The B register is not changed 

by this command. 

Decrease B (B- y 22) If the B register befc^e the execution of this 
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command did not contain zero, subtract 1 from the contents of the B register 
and change control to memorj.'- location y. If the B register before the 
execution of this conmand contained zero, ignore this command* In the 
latter case the command leaves the 3 register set to 9999, 
Stop (s 08) Halt the machine* The operator can continue his program by- 
pressing the CONTINUOUS button. 
Paper Tape and Keyboard Input Comnands 

The INPUT SELECTOR switch may be set to OPTICAL FcEaDER, MECHANICAL READER 
(on the Flexowriter) or KEYBOARD, 

Input (in X 00 ) Start reading the first x-rord on the tape or received from 
the keyboard into memory location x. Read f ollo^ring words into the next 
consecutive locations. (See Special Use of the Sign Column) 
Single Digit .idd Input (dA 10 ) Add to the contents of the A register in the 
AlO position the positive value of the number pionched on the keyboard or 
read by the mechanical reader. When the command is executed, the machine 
will stop until a digit has been entered, after which it resumes operation. 
Special Use of the Sign Column uords containing numbers other than or 1 
in the sign column are used for control of the input device and for B 
modification of words during input. A 2 or 3 placed in the sign column will 
cause the address part of the word to be modified by the B register as the 
word is read into memory. In memory, the viord. will have a positive sign 
if there was a 2 in the sign colvimn, a negative sign if there was a 3 in 
the sign column. In both cases, the word T-dll be stored with the contents 
of the B register added to its address part. 
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IMs is summarized in the folloidng table: 



Sign Col-umn 


B 


iiodification 


B h edification 


Comments 




Before Execution 


On Input 









no 


no 




1 




yes 


no 




2 




no 


yes 


Sign appears in 
memory as 0. 


3 




yes 


yes 


Sign appears in 










memory as 1, 



A tape command is a command i^Jhich appears only on the tape and does not enter 
the memory of the computer. It is used to control the input and is read directly 
into the command register and executed. This type of coninand is indicated by the 
presence of a h, $, 6, or 7 in the sign column. The effect of each of these numbers 
•with cu or STOP appears in the table below. With the "in" command, a 6 or 7 in 
the sign colmnn does not stop the input device. 



Sign Column Tape Jtops or 
Keyboard is 
Deactivated 



B Modification 
Before Execution 



h 
5 
6 
7 



no 
no 
yes 
yes 



no 
yes 
no 
yes 



The commands most often used m.th. a tape control digit in the sign column are 
cu, cub, inland stop, 
Flexo^^rriter and Paper Tape Output 

There are two printout commands, 'With either of them, the second digit of 
the address part is a coded format instruction to the Flexowriter, Flexowriter 



Copyright 195U 

by ElectroData Corporation 



ElectroData Corporation Frogramminp; and Coding 

Section 3 page 18 

punch or corsole punch, (The two punches carry along the format instruction as an 
information digit for the typewriter control. It does not affect format until the 
printing operation is carried out.) These instructions, which are sensed and 
carried out before any other part of the command is executed, are as follows: 
Second Address^Digit Instruction 

None . 

1 Feed out one character-space of 

blank tape (10 to the inch). (This 
instruction has no effect on the 
Flexowriter.) 

2 Print decimal point and suppress 

sign digit, 

3 Suppress sign digit and substitute 

a space for sign digit when the t/6jpd 
is printed, 

il Translate alphanumeric ally, tx^ro A- 

register digits per alphanumeric 
character • 

5 Actuate carriage return. 

6 Actuate tab key, 

7 Stop printout. Idle the computer if 

any printout comnjand comes up before 
the typewriter-control RESET is 
pressed. 

8 Actuate space bar. 

9 None • 

Print Out (po n, 03) This command prints out the sign and n digits of the 
A register (unless the sign has been suppressed by a 2 or a 3 format 
instruction), n being interpreted modulo 20, since a tens digit must be 
sensed to print out 10 digits. The R register is neither printed out nor 
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shifted. The A register, including the sign, is circulated n + 1 places left, 

(This operation differs from that of the shift commands in that they do not 

shift the sign.) 

The format-instruction digits make it possible to control format completely 

by proper construction of the computer command word,- It is also possible to 

control format by means of cascaded counters in the typevjriter control which 

may be set for WORDS PER LIIE, LINES PER GROUP, and GROUPS PER PAGE, each 

setting from 1 to 20. (See Section 8.) 

The po n command for any one word may intiibit the advancement of the words- 

per-line counter by using an 8 as the first address-digit j this in effect 

cuts out the external format control. The format control will resijme its 

count and will actuate the tab, carriage return, and page stop according 

to the settings, at the end of the next printout command which does not 

have an 8 as the first address-digit. 

Example ; 

Print out $0 words, beginning ^rith the word in 2062 and ending with the 
word in 2013. Set the WORDS PER LINE selector at 5, the LINES PER GROUP 
selector at 10» The code for this is as follows: 

Number 



Storage Address 
of Command 


Command 


7051; 


B 7059 
(0 0000 72 7059) 


7055 


1 ca 2013 
(1 0000 6ii 2013) 


7056 


po 0010 
(0 0000 03 0010) 


7057 


B- 7055 

(0 0000 22 7055) 


7058 


STOP 
(0 0000 08 0000) 
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Storage Address 

of Command (continued) 



Command 



Number 



7059 0000 00 00li9 

If the printout command in 7056 had been written 0000 03 8OIO, the format 
selector switches TOuld have been inoperative and provision would have had 
to be made for internal format control,, 

Print Out (po f 07) The po f command does nothing but carry out the format 
instruction contained in the second address-digit. (The first address-digit 
is immaterial to this command, since po f cannot advance the words-per-line 
coxinter.) The second address-digit most frequently contains format-instruc- 
tions 1, $f 6, 7, or 8, It should be noted that format instructions 2, 3, 
and h will affect the next po n command; 2 and 3 'fill suppress the sign and 
h will cause alphanumeric printout in the next po n command. 
Punch Out (po n 03; po f 07) The console punch uses the same two commands 
as the Flexowriter and typewriter control with the difference that the OUT- 
PUT SELECTOR is set to TAPE. The console punch has no connection with the 
typewriter control except that its output tape may be an input to various 
arrangements of the typewriter control patch panel, (See Section 8.) 
Alphanumeric Code T^ewriter action corresponding to the various two-digit 
combinations read out from the A register is given on the following pager 
Alphanumeric information comes out on the console punch as pairs of decimal 
digits. The format instruction (h) acccmpanies the information so that when 
the tape is read for printing later it will be translated by the typewriter 
control into alphanumeric Flexowriter action. 
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Typewriter Action 
L.C. U.C. 


Alphanumeric 
Code 




Typewr 
L4C. 


iter Action 
U.C. 


Alphanumeric 
Code 


Q 


A 




20 







) 




ho 


b 


B 




61 




1 




1/2 




hi 


c 

d 


C 
D 




62 
63 




2 
3 




& 
/ 




i;2 
i;3 


e 


E 




6U 




k 




$ 




U\ 


f 


F 




65 




5 




% 




\6 


g 

h 


G 




66 




6 




? 




U6 


H 




67 




7 




1 
• 




hi 


i 

J 
k 


I 
J 
K 




70 
71 
72 




8 

+ 




( 

SS 




50 
51 

2li 


1 

m 


L 

M 




36 
73 




> 




• 

9 




25 

26 


n 


N 




7U 




t 




i 




31 










75 




» 




• 




32 


p 


P 




76 




t 




f 




33 


q 


Q 




77 




lower case 






27 


r 


R 




21 




upper case 






30 

«s 1 


t 


T 




23 




space 






3>h 


u 


U 




52 




color shift 






35 


V 


V 




53 




ignore 






00 


w 


w 




5U 




back 


space 






01 


X 


X 




^S 




tab 








oU 


y 


Y 




56 




carriage return 




05 


z 


Z 




57 




stop 








07 


Alphanumeric 




Typewriter Action 


Alphanumeric 


Typewriter Action 


Code 




L.C. 
ignore 


U.C. 




Code 


— 


L.C. 


u.u. 


00 




50 


8 




01 




backspace 






51 




9 


( 


OU 




tab 








52 




u 


U 


05 




carriage return 




53 




V 


V 


07 




stop 








5U 




w 


w 


20 




a 




A 




^S 




X 


X 


21 




r 




R 




56 




y 


I 


23 




t 




T 




57 




z 


z 


2U 




+ 




ss 




61 




b 


B 


25 




„ 








62 




c 


C 


26 




J 




: 




63 




d 


D 


27 




lower case 






61 




e 


E 


30 




upper case 






65 




f 


F 


31 
32 




> 
* 




• 




66 
67 




g 
h 


G 

H 


33 




t 




I 




70 




i 


I 
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Alphanumeric (cont.) Typewriter Action Alphanumeric 



Code 



L.C< 



U.C. 



Code 



Typewriter Action 
L.C. U.C. 



3h 


space 


35 


color ehift 


36 


1 L 


iiO 


) 


lil 


1 1/2 


12 


2 & 


1;3 


3 / 


hk 


h $ 


U5 


5 5^ 


he 


6 ? 


U7 


7 I 



71 


3 


J 


72 


k 


K 


73 


m 


M 


7k 


n 


N 


75 








76 


P 


P 


77 


q 


Q 



Since it takes two digits to reprosent one alphabetic character, a po Oii06, 
written .OOOOO30U06, T-d-ll print out three alphabetic characters from the A 

register. 

Example: If (A) = +»7065]46U6l46, and the command mentioned in the above 
paragraph is executed, the following characters will be printed out: if 6, 
Punched Card Commands 

Card Input ((1000-m)ci x hk) Read in m cards starting at menorj^ location x. 
If X is less than 8OOO, the address of the command is interpreted modulo 
UOOO (words are read into main memory) . If x is greater than or equal to 
8000, the cards are read into the ijOOO loop, the starting location in the 
loop corresponding modulo 20 to x. Tiie three most significant digits of 
the command word are 1000-m. When the command is fetched, it is placed in 
both the A register and the C register. Tliis means that any useful informa- 
tion in A before the execution of this command must be stored. After the 
execution of the command, the A and C registers will contain the original 
command modified so that the address part holds the address of the first 
word on the last card and the first three digits are zero. This conuiand 
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also destroys the previous contents of the itOOO loop. After its execution, 
the UOOO loop will contain the last 20 words read in from the cards. 
Card-input information is always read into the i|000 loop. It is then block 
transferred into main memory, if the address of the command word is less 
than 8000. If the address is greater than or equal to 8000, it remains in 
the UOOO loop. This means that if k represents the number of words per 
card, km + 20 - k locations have been written in main memory starting at 
location x, provided that the address of the command word is less than 8000. 
The number of words per card, k, is set on an input selector switch on the 
converter unit i*iere 1 ^ k S 8. 

Card or Tabulator Output ((lOOO-m) co x ^k) Punch out m cards, starting 
with the word at memory location x. If x is less than 8000, this command 
is interpreted modulo UOOO, If x is greater than or equal to 8000, the 
information is punched directly from the UOOO loop, starting at the position 
corresponding modulo 20 to x. The three most significant digits of the 
command word contain 1000-mo 

The A register is cleared upon the execution of this command and will contain 
the conmand with the number of words read in added to the address part of the 
command word. 

Example: If k is the number of words per card, and the command to be 
executed is 0,7il73 Sh 2011, then 2^3 cards will be punched out, k words 
per card, starting at memory location 2011. If we let k = 2, then lh9h 
words xri.ll have been read out after the command has been executed. The 
A register will appear as 0003 Bh 3505. The six most significant digits 
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of the C register will be 5h3503'. The ItOOO loop mil contain the block of 
20 words starting at x+k(m-l), or in tliis case at 3503. k is set on a 
selector switch* 

For tabulator output the coinmand is the same except that the words "line" 
and "printed" are substituted for the words "card" and "punched" respectively. 
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TPIING 

The basic consideration governing timing is that orders and operands can be 
obtained from or returned to memory only at those instants when the designated 
cell passes under a reading or writing head. Thus, in carrying out a program 
stored in main memory, the actual time required to carry out each order is 
usually irrelevant, because this time is nearly always small compared with the 
time required to bring the next order under the read head. A long execution 
time is in this case compensated for by a subsequent short wait. However, with 
the program in the high-speed loops, timing becomes more significant and it is 
for this reason that the following description has been included. 

As previously defined, a sector is 1/200 part of the drum and consists of 
20 memory locations, whose addresses are congruent modulo 200, on the 20 bands 
of the drum. See illustration on drum, Section $. It will be convenient to 
number these sectors from to 199, with each sector number being congruent 
modulo 200 to nuBdjers of cells in the sector. The time required for one sector 
to pass under the read-write heads is called a word-time and is taken as the 
fiindamental timing unit for the computer. 

We can calculate the word-time in seconds since we know that the drum makes 
approximately 3570 revolutions per minute, or 59| revolutions per second. Time 
required for one revolution is thus approximately .0168 seconds. One word-time 
would be 1/200 of this, or about Qh microseconds. The access time to any cell 
on the drum may vary from to 199 word-4imes. For example, if the computer 
starts to look for cell 3136 at the beginning of sector 136, it will not have 
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to search, but can immediately start reading or writing. The same applies to 
cells 2336, 2536, 2736 or any other cell in sector 136. On the other hand, if 
the computer starts to look for cell lU32 at the beginning of sector 33, it will 
have to search for 199 word-times. The average access time to any cell in main 
memory will be halfway between these extremes— that is, 100 vrord-times, or approx- 
imately 8.5 milliseconds. 

However, since numbers and commands are usually stored in the high-speed 
loops during computation, a more realistic access time for the computer would be 
one obtained for the loops, 

A number may be read from a high-speed loop at any time when a sector li^iich is 
congruent to it modulo 20 is under the read head. For example, the number in cell 
6013 may be read from the drum during sector 13, S3, ... 173, or 193. Since the 
number may be read every tenth part of a drum revolution, the maximum access time 
for the loops would be 1.7 milliseconds and the average access time approximately 
,85 milliseconds, 

lie define the timing cycle for commands as the interval between the appear- 
ance of a command location, c, under the reading head, and the appearance of the 
location of the next command to be executed, c-' , under the reading head. A 
timing cycle will be divided into four phases as illustrated below. Each step 
has been assigned a symbol to simplify description of exaiaples given later. 
Symbol Phase Descrip tion 

At beginning of cycle drum is in position to read command 
into B, 



< 



Computer reads command into D register, modifies it, if necessary, 
as it passes through adder and then places it in C register. 
Here the command is interpreted and conditions are set up to 
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execute the commahd' or search for the operand, (llinimum time for o^ 
is four word-times,) 

t Time taken to do actual seaafch for operand, (x). 

^ Time taken to execute command and set up conditions to search 

'-' for next cormand, 

■K, Actual time spent in search for command c . 

Note that the drum is rotating throughout the lAiole timing cycle. 

The total number of word times, T,,, necessary to execute the timing cycle 

for c vjill accordingly be given by 

T =<s(+' t. +V?+" t ,, where 
c ^ X *■ c ' 

r\ is a function of the command at c- 

/5 is a function of both the nature of the command and tlie magnitude of the 

operands* 
t , depends on the location x, but clearly is zero for those choices of the 
command at c ii^ich do not involve consulting memorj'- for an operand, (x) .' 
For convenience of description, orders are grouped into four classes,- 
Class I Orders 

Orders in Glass I have no operand, (x), therefore t^ = 0, In most cases, 
^ +^ is less than 21 word-times; however, this is the minimum time necessary 
to read successive commands from high-speed loops. For main memory, the figure 
is 201 word-times. In the following table T is given directly where possible 
or as a combination of («<+^) and t , • 
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Order 


Tc 




From 




Loop 


j Main Memory 




ua 


21 




201 




B— > A 


21 




201 




sr n 


21 




201 




si n 


21 




201 




spc + 


21 




201 




spc - 


21 




201 




ro 


21 




201 




B+ 


21 




201 




cl R 


21 




201 




po f 


21 




201 




Icl n 


21 




201 


If n < 12, 




Ul 




201 


If n > ] 2. 


z y 


21 




201 


If A - 0. 




(9 + 


V) 




If A ^ 0. 


B- y 


21 




201 


If (B)^ = 0. 




(9 + 


t=') 




If (B)^ / 0, 


CU X 


(8 + 


tc') 






cuR X 


(8 + 


•^c') 






CC X 


(8 + 


V) 




If O.F.T. 




21 




201 


If no O.F.T. 


ccR X 


(8 + 


v 




If O.F.T, 




21 




201 


If no O.F.T. 



Comment 
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Tc 


From 






Ovripf 












Loop 


Main Memory 




Comment - continued 


spl y 


21 


201 


If n < 6 


n refers to number of places 




iil 


201 


If 6 < n < 9 


before first non-zero digit 




(28 + 


V) 


If n = 10 


in A register. 



Examples of Class I Orders: 

1, From the instant a clEorder is under the read head in 6005, how many word 
times will it be before the next order can be read in? The answer is 21 
word times, since even though the order does not take that long to execute, 
the drum must turn one-tenth of a revolution plus one word-time before the 
read head xd.ll be over cell 6006 again, 

2. If A ;^ and we execute a z 31^0 from cell 316?, what is T^? Since x * /5' 

= 9, we are ready to fetch the command from 31 50 -vdien the read head is over 

(3167 + 9)= 3176, It will be necessary to irait until drum has turned from 

this point to 33^0 (33^0 = 31^0 modulo 200), or a period of 17U word- times. 

T is then 17U + 9 = 183 word-times. 
c 

Class II Orders 

Orders in Class II require a search for the operand (x). Because t^ and 
t , vary depending on location of a particular caiimand or operand, T cannot be 
given directly, but must be calculated for each separate case, o( = 5 for all 
Class II orders, /^' is given by the following table. 
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Tc = 5 -^ *^ ^4^ *c- 



Order 



tmc X 
tmh X 
bl(U)-^ 

bl(6)-^ 
bl(7)-^ 
bl(U)<- 

bl(5)<- 
bl(6)<- 

bl(7)<- 
mh X 
mr X 
div X 



y*n 



h 
k 

23 
23 
23 
23 
23 
23 
23 
23 

16 + 2n^>- 

17 + 2n^- 
55 + 2n^H;- 



ex X 


6 


ca X 


6 


CS X 


6 


caa X 


6 


csa X 


6 


Bx 


6 


sgc X 


5 


ad X 


6 



Comr.ients 



n-«- = sum of digits of A. 



c = 27 if I (A) I > I (x) I 
n-;Hr= sum of digits of quotient 



,4 = 8 if i (A). I > I (x)l and A-SG / D-SG, 
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su X 
ada X 
sua X 



6 ^• 

6 . 

i 



Programming and Coding 
Section h page 7 



Coiranents - continued 



,^ = 8 if I (A)bl > 1 (x)l and A-SG f^ D-SG. 
(See ADDER OPEPIATION^ Section 3.) 



* Taking hS as an average value of n, ^^= 106 for mh x and IO7 for mr x. 

-;h;- Taking U5 as an average value of n, ^' = 90 + ^5 " ihS for div x. 

Examples of Class II Orders: . ' . 

1. Compute the timing of tmc 6003, assuming command is located in ^013. 

Positio n of Read-V/rite Heads 
" over 5000 lo op-^over gOOO loop 





Ko. Word Tin 


Phase 


Elapsed 


START 





t/. 


5 


^x 


5 


/^' 


k 


^C 


7 







; 6013 

6018 

602326003 
(mod 20) 



5013 
5018 
5023 

5027 

^03ii=50lU 
(mod 20) 

This makes a total of 21 word-times. 
Class III Orders 

Orders in Cl-ass III are similar to Class II orders except that cn^= 6 
instead of $» v-'^ 
cub X 23 
cubR X 23 

ccb X 23 

These values are true if 0,F.T, is on. If 0,F.T, is 

ccbR X 23 not on, T = 21 word-times if c' is executed from high- 
speed loop and 201 if from main memorj^. 
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Examples of Glass III Orders: 

1, How many vjord-times are necessary to execute a cub 12^0 from Ii.032? 
Answer: If we assume sector 32 is under the read heads. 





No, Word-Times 
Elapsed 


Position of Read-Write Head 


Phase 


over UOOO loopi 


-main memory 


START 




U032 


1232 


'>' 


6 


U038 


1238 


*x 


2 


liOUo 


12U0 


^ 


23 


U063=U023 


1263 


^c> 


17 


70U0 





2. 



Total, T , = i|8 xTOrd- times, 
l*ien executing the folloTidng sequence of commands, what cells in the 2600- 
2700 band may xxxx be and still cause no time to be wasted? 

5008 caa 2600 

5009 ada xxxx 

5010 mh 2773 
Answer: Assuming we start at sector 0188: 



Phase 


Wo, Vford--J-'imes 
Elapsed 


Position of Ree 
over S^OOO loop 


iding Head 

over 2600 band (or 


2U00) 


START 





5008 


2588 




o( 


5 


5013 


2593 




*x 


7 


5020=5000'"' 


2600 




^ 


6 


5006 


2606 




tgi 


3 


5009 


2609 




«. 


5 


501U 

*modulo 201 


261U 
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At this point the computer starts searching for xxxx. The next command, c" , will 
be under the read heads at 5030^5010 mod 20. However, to allow the maximum time 
for^/, the operand at xxxx must be found before ^02 2, Thus, in order not to waste 
time, xxxx should be between 26lU and 2622. 
Class IV Orders 

Drum timing is not a pertinent factor in Class IV orders since time per 
command is much larger than any drum time^ 



Order 



Time 



in X 500 decimal digits per second using photoelectric reader 

10 decimal digits per second using mechanical reader 
po n 10 digits per second, Flexoxrriter printout or punch 

1$ digits per second, console punch 
STOP Determined by operator 
dA Determined by operator 

ci X 100, 150, or 200 cards (or lines) per minute depending on the 
CO X IBM machine being employed. 
See Section 8 for time in terms of input-output media. 

Information from the above tables can be used to find the speed of sub- 
routines when needed. However, for general program timing, it is more practical 
to have an average time figure for each order. 

The average tiining, based upon use of the high-speed memory for storage of 
commands and operands, including access time for procurement of the command and 
operand, and the actual operation time itself, is given in the following table: 
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Average tirae per operation 
(rounded to tenth of r.iillisecond). 
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Comments 



ca X, caa 


X, 




csa X, cs 


X, 




ex X, B Xj 


, ad X, 




ada X, su 


^i 




sua X, tmh x. 




tmc X, sgc X 


2.5 


mh X, mr X 


10,8 


div X 




lU.o 


bl(n)-->x, 


bl(n)<-x 


11.5 


CU X, culi 


X, 




CC X, spl 


Jf 




B- X, ccR 


X, 




z Y, clR, 


ro, 




ua, si n. 


sr n. 




B+, B->A, 


spc±, 




Icl n. 




1,8 


cubR X, cub X, 


12.3 


ccb X, ccbR X 


12.3 






1.8 



n = k,$,^,7 

X is a main memory address 



X is a main memory address 

If O.F.T. set 

If O.F.T, not set 

X is a main memory address 

Each reference to main memory, other than those mentioned in the comment Sj 

increases the corresponding average t^ or t^, by 90 word-times, or 7.6 milliseconds. 
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CODING I^iBTEODS 

Once a coder has grasped the basic concepts involved in the function of 
an internally programmed computer, the translation of mathematical symbols into 
the coded instructions for the computer is rather eleraentary. Elementary, that 
is, if we refer to the writing of a code that will cause the computer to solve 
a stated problem. It is not so simple a matter to vjrite a polished code — one 
that conserves machine operation time and storage « The process of coding for 
the ElectroData computer mil lead the coder by necessity and intuition to coding 
methods and schemes which T-7ill help him polish his codes. This section introduces 
coding methods which are standard practice and are useful no matter what type of 
problem or computer application is being coded. It is hoped that this exposition 
will leave the coder's intuition and initiative free to develop coding methods 
not so well knoTTO* 

Use of basic arithmetic commands in a coiaputer with an internally stored 
program is very similar to the use of a desk calculator. To add two numbers, the 
accumulator register is cleared and the augend is put into it. Next, the addend 
is added to it and the resiilt appears in the accumulator. 

Similarly, in the ElectroData computer, two numbers are added by giving a 
"clear and add" command which clears the A register and puts the first number into 
it, and then an "add" command which adds the second number to what is already in 
the A register, the sum appearing in the A register. 

The other arithmetic commands, such as subtract, multiply, and divide are 
executed similarly. One operand is put in the A register by one corrmand or a 
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series of commands, and the operation is performed by a second command which 

contains the address of the second operand. 

Cycling 

Ihe internally-stored program computer exliibits its greatest usefulness j.n 
the fact that the program itself may be altered by suitable commands. 

As a means of illustrating this, consider the problem of Slimming a series of 
numbers, Asstime the ntimbers are stored in memory locations 0100 to Olij.9« With 
no altering of commands, the prograra would appear as follows^ 



Storage Address 


Comraand 






0500 


ca 0100 






0501 


ad 0101 






0502 


ad 0102 


Note : 


In this and the 


0503 


ad 0103 




following example 


■•" 


• 




assume that the 


• 


■ • 




final sum is less 


• 


• 




than 1, 



05i49 



ad Olit9 



This coding is plainly very tedious to T:jrite and wasteful of space. If it 
were necessary to sum 2000 words in this way, half the total memory would be used 
for data and the otlier half for commands. Clearly a method is needed whereby the 
series of ad x commands is replaced by one such command used many times, the 
address being varied. The process of repeating a command or series of commands, 
altering the address, and then going back to the beginning, is called cycling » 

In order to cycle the above example three things are necessary: 

1, Alter the address of the ad x command, 

2, Provide a means for returning to execute the command just altered, 

3, Set up a means for stopping after cycling 50 times. 
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For step 1, the A register must be usedr. However, it is now occupied by the 
partial sum we are computing. It will thus be necessary to store this partial sum 
TAdiile the ad x command is alteredq 

Before discussing points 2 and 3 let us write out the new cycling program, 
using some of the cells previous to 0^00 as storage for constants. 



Start — 



01^98 
Oii99 

0500 

0501 

0502 

0503 
o5oi; 

0505 
0506 
0507 



00 00000000 



0000 00 0001 Constant 



Storage cell for sum. 



ca 0100 
ad g)10ri 
tmc Oii98 
ca 0501 
ad 0ii99 
tmc 0501 
ca OU98 
cu 0501 



Store sum tenporarily 

(A) = ad X coitmand 

Add^"l" to address of ad x 

Store altered ad x 

(A) = sum stored~tanporarily 

Return to add next number 



(The bracket around the address part of the command in cell 0501 is a 
convention used to indicate that that particular address is being altered by the 

program,) 

While the above program will accomplish steps 1 and 2, it will proceed 
indefinitely: there is as yet no provision for ending the cycling. Obviously, what 
is needed is a method for counting the number of times the set of coranands has been 
executed and stopping the computation when this reaches U9 (there are only h9 add 
ends left after the initial ca 0100, 

This process of counting the number of passes through a series of commands 
and making a choice based on this count is known as tallying . One method of 
tallying on the ElectroData computer is to use the first three digits of the 
command word as follows: 

Place 1000 minus n, the number of passes, in the first three digits and then 
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add 1 to: the third digit on each pass. On the n pass, the A register will over- 
flow. For example, for seven passes through an ad command this method would use 
+ 9930 7U lOOOOj c This would be a].tered by adding +0010000001 to give +99UO ih 
0001 The process would be continued for each pass until the one just before 
the last, when the command vJou3.d appear as: + 9990 7li tp006j , 

The routine below provides for stopping the computer when the tally causes 
overflow. Cell 03'08 could just as well have contained a cu command to return to 
a main routine o 



Cell 
Niiiiiber 



Spares 



Order 



Address 



START 



OU98 
Oi;99 
0500 

0501 

0502 

0503 

0501; 

0505 

0506 
0507 

0508 



0000 
0010 



9500 



00 
00 

ca 

ad 

tmc 

ca 

ad 

cc 



0000 
0001 

0li98 



storage for sum 



0li98 
0501 

Ch99 
0503 



tmc 
cu 



0501 
0500 



STOP 



Note that the addition of the first number is here rendered like all 
subsequent additions by starting with zero as the first addend, and 
the code thus further compressed^ 

Cell 0505 is known as a branch point since at this point the program may take 
one of two paths depending upon whether or not the overflow toggle is set. 
Operation of the G Register 

To explain the above commands more fully it is necessary to consider the 
operation of the C regis tero 

The first six decades of the C register are used to hold the command while 
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it is being interpreted and executed, Ihe last four decades, called the control 
counter, contain the address of the command to be executed next. The C register 
goes through two phases of operation for each coninand in the program^ These are: 

1, Fetch cycle-. Coimnand in cell designated by control counter is brought 
from drum and placed in first six decades of C register , Number in 
control counter is increased by one. 

2, Execute cycle: The command, which is now in first six decades of C 
register, is interpreted and executed. 

The computer will alternate between these two cycles during calculation. 
The following table illustrates this operation of the C register during 
the ninning of the routine developed earlier j 



Command 
from Cell 
Number 



START 
0500 

0501 

0502 

0503 
o5olt 

0505 

0506 
0507 

0500 
0501 



End of 
Fetch or 
Execute 



F 
E 
F 
E 
F 
E 
F 
E 
F 
E 
F 
E 

F 
E 
F 
E 

F 
E 
F 
E 



C REGIS lER RK^DING 



Order 



Address 



ca 

ca 

ad 

ad 

tmc 

tmc 

ca 

ca 

ad 

ad 

cc 

cc 

tmc 
tmc 
cu 
cu 

ca 
ca 
ad 
ad 



0U98 
0U98 
0100 
0100 
OL.98 
Ok?Q 
0501 
0501 
Ok99 
Oh99 
0508 
0508 

0501 
0501 
0500 
0500 

oU98 
01498 
0101 
0101 



Control 
Counter 



o5oo 
0501 
0501 
0502 
0502 
0503 
0503 

0501; 
050)4 
0505 
0505 
0506 
0506 

0507 
0507 
0508 
0500 

0500 
0501 
0501 
0502 



Comments 



(A) =(0l;98)=0 initially 

3. 

(A) =(OU98)+(O10O) 



(A) =+9500 7ii 0100 

3. 

(A) =+9510 7U 0101 

3. 

Command ignored since 
O.F»T» not sete 



Address part placed 
in command counter. 



(A) =(Oii98)+(0100) + 

^ (0101; 
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This sequence will continvie in the C register until the last time through, 
when the folloT^Ting changes will occur beginaing with cell 0^03 . 
0503 



O50U 
0505 
0^08 



F 

E 
F 
E 

F 
E 

F 

E 



ca 
ca 
ad 
ad 

cc 

cc 



0501 

Ob'Ol 
OU99 
Oh99 



050U 
050li 
0505 
0^05 



(A) =+9990 7)4 01U9 

a 

(A) =+0000 7U OI5O; O.F,T„ 
^ set 



STOP 
STOP 



0508 
050B 

.0000 
0000 



0^06 

0508 Address part placed in 

command register* 
0509 
0509 



Computer Stops; (Oii98)^= 
sum of 50 nuiribers. 

Note that on all commands other than cu commands and cc commands accompanied 
by an overflow, the C register has the same appearance in both execute and fetch 
cycles. The distinguishing mark is tlie setting of the timing toggle. If the FETCH 
light is on, the next operation the machine will perform is to fetch the word at 
the address designated by the control Counter. If the EXECUTE light is on, the 
next operation the machine will perform is to execute the coirmand in the first six 

decades of the C register. 

The computer recognizes a word as a command only when it is brought into the 
C register, and only a command liJhose address is brought into the control counter 
will be drawn into the C register. An address can enter the control counter via 
a change of control order (cu, cc, etc',) omng to its following a previous command 
that is not a change of control order c Commands which are altered in the A register 
are treated the same as data during this alteration. It is important to note also 
that if a part of the data should be brought into the C register, due to coding 
error, it would be treated as a command, 

A more detailed discussion of G-register operation will follow after the use 
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of the quick-access loops has been described. 
Pre- storage and Entry Point 

In programming a long problem it is often necessary to repeat a previous 
section of a routine. This may be part of a cycling routine or simply a repetition 
of the section as a check, or a method of correcting errors. For exarple, when 
checking out a routine, the coder frequently finds that he needs to go back through 
part of the routine in order to locate a coding error. It is convenient not to 
have to read the routine in again » 

In the example given previously, after all or part of tlie routine has been 
carried out, cell 0^01 has been changed from its original value of +9510 7U 0101 
to any one of the alterations up to +0000 7U Ol50» 

In order to do this section over, it is necessary first to restore cell 0^01 
to its original value » A convenient way of doing this is to pre-store the original 
content of the cell at a second memory location. Then by a short series of steps 
stored ahead of the main routine, cell 0^01 can be restored, A prestorage routine 
for the example is: 



Entry point 



Oh9h ca 
Ok9S tmc 
OU96 cu 



Oh97] 

0501 : Pre-storage steps 

0500.- 



START 



OU97 +9500 7k 0100 

0U98 r+ooooooooooj 
oh99 +0010000001 

0500 ca 0^498 
0001 9500 ad ipiOQi etc, 



Vihenever it is necessary to go through this section of the routine again, 
control is changed to cell Oh9h, where the original content of 0^01 is restored 
before the section of the routine beginning with (0^00) is carried out — hence 
the name pre-storage. 
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Coll OU9i4 is called an entr^." point to the routine since from here it can 
always be entered and executed in its original form. 

Operational Features of Quickwlccess Memory 

Before discussing coding methods permitted and necessitated by the quick- 
access loops, it may be worth while to review the operational characteristics of 
this section of memory. 

Opposite is a schematic representation of main memory storage in the Electro- 
Data computer. Note tliat each word can be identified by a physical location on 
the drum surface. This location is specified by the band number and the sector 
number. There are 20 bands, numbered through 19, each of vtiich contains 200 
viord spaces designated as sectors through 199 > An assembly of four magnetic 
heads, each capable of both reading and writing, is positioned over each band. 
To read or write a given word in a band m.ay require one complete drum revolution 
before the word is in position under the read-write head. One revolution of the 
drum requires approxL^iately 17 milliseconds j hence, the average access time for 
a word in main memory is approximately 8c5 FiillisecondSa 

Since each quick-access loop contains 20 words, it may be considered as one 
band vJith the same information repeated ten times. 

Unlike the main memory bands, which have one read-write assembly per band, 
each quick-access loop has a reading assembly and a writing assembly spaced 20 
words apart. (See opposite) Also, instead of reading or writing only when an 
impulse is received from the computer, these heads read and write continuously. 
As a word comes under the read head, it is rewritten by the wite head. 
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It may be of some help to think of the loops in terms of the f olloidng 

analogy; 

Imagine that the spa ere between sectors in a band are small pockets, each of 
which will hold one steel ball* Two hiindred pockets would then be formed. Sup- 
pose further, a mechanism is designed which will pick up a steel ball projectile 
and throw it to a receptacle twenty pockets away, (See facing page 8, ) The 200 
pockets around the circumference of the dram form an endless conveyer belt for 
steel balls, traveling between the projector and the receptacle.. Once 20 balls 
are in the system, they tcLII travel on the diiim from the receptacle to the 
projector and back again in an endless cycle. If it is necessary to replace one 
of the balls with a new one, from o^^tside the Gysteirij^ the projector is not actuated 
i*ien that ball is ready for projection and the new ball is dropped in the receptacle 
from outside to take its place. Replacement of all 20 balls may be accomplished 
by inhibiting the projection for 20 balls and, at tte same time transferring^ in 
proper time sequence, 20 different balls into the receptacle. If the main memory 
of the drum is Imagined constructed in the sa^iie manner -- that is, of 20 bands of 
200 pockets each, the reader can carrj- this analogy through to include the block 
transfer of 20 balls from and to main memory and the transfer of one ball (word) 
from the A register to the loops. 

The foregoing analog implies that entire words (one steel ball) are trans- 
ferred from the read head back to the write head of a quick-access loop. This, 
of course, is an oversimplification. T3:ie transfer is actually piecemeal, digit 
by digit, with twelve transfers per word (space, sign, and 10 digits). 

The implication that when blocks of 20 words are transferred from main memory 
to the loops the words are lost in main' memory, as would be physically the case 
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with the balls, is erroneous, A block transfer of 20 words from the main memory 
to the loops leaves the 20 x^rords in main memory unchanged,, A block transfer of 
20 words from a loop to main memory does not in any way alter the information in 
the loops. Reading information from memory does not alter the information^ In- 
formation is lost only by writing new information over ito 

The same sector numbers are used for addressing individual words in main 
memory and in the quick-access loops » One drum revoDution after a word is written 
in a loop, it is stored not only in the location where it was originally recorded, 
but, also, assuming that no block transfer to the loop or single-word transfer 
from the A register intervenes, in nine other locations whose addresses are 
congruent modulo 20 to that of the original celle More jjnportant, the word is 
available to the read head every 20 word- times, A word written at sector l8 mil 
be written, after one "circ\aation" of the loop, at sector 38, and again at 58, 78, 
98, 118, 1*36, 1^8, 178, and 198, After one revolution it is again written at 
sector 180 

To identify a word witiiin a loop, regardless of its original position on the 
drum, sector addresses are interpreted modulo 20, that is, sectors 18, 38, 58, 76, 
98, 118, 138, 156, 178, and 198, all congruent modulo 20, are used to identify the 
eighteenth word in the loop no matter wMch of the above sectors the word xiiill be 
read from during a particular drum revolution. Likewise, all addresses that refer 
to the loop are redaced modulo 20. The first digit of a four-digit loop address 
identifies the loop,, Thus, any addix^ss of the form 7xxx refers to loop 7 il"j)', 
6xxx to loop 6(L^)j 5xxx to loop 5(L^)j bcxx to loop ii(L|^)<. The last three digits 
of any loop address are interpreted modulo 20 to identify one of the 20 words 
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ivithin a loop. For examples the address 1^378 is interpreted as iiOlSj 76ii2 as 
7002, 6ii73 as 6013, 5099 as 5019, etc. There are thus 1000 addresses, 7000-7999, 
that may be used to address the 20 words in L^j 6000-6999 for L^; 5000-5999 for 

L^; ii000-ii999 for L, o 

On the transfer of 20 words from main memory to one of the loops, each indi- 
vidual word of the twenty is transferred from its sector position to the same 
sector position in the loop„ For example, a word stored at 3016, (sector l6) will 
be transferred to 1+016 on a block transfer from main memory to the i;000 loop. The 
transfer -will not take place until sector Ol6 is under the read head of main memory. 
For this reason the loop addr-ess of each word f«-itten in a loop via a block transfer 
will correspond modulo 20 to the main memory address from *ich it is read. The 
following table illustrates the address, sector, and modulo 20 correspondence of 
words in a 20-word block transfer from main memory positions 2l68-2l87 to L(5) and 
a 20-word block transfer from L(6) to main memory positions 3lU2-3l6l, 



ElectroData Corporation 



Prograirming and Coding 
Section 5 page 12 



Command: bl(5) ^--2168 



Command: bl(6)—-> 31^42 



Word in 


Trans- 


Sector at 


Address 


Word in 


Trans- 


Sector at 


Mod 20 


main mem- 


ferred to 


which read- 


Mod 20 


loop 


ferred to 


which read- 


address 


ory loca- 


loop loca- 


ing-writing 


corres- 


position 


main mem- 


ing-writing 


corres- 


tion 


tion 


operation 
takes place 


pondence 




ory posi- 
tion 


operation 
takes place 


pondence 


2166 


5008 


166 


8 


6002 


311|2 


li|2 


2 


2169 


5009 


169 


9 


6003 


3113 


li|3 


3 


2170 


5010 


170 


10 


600ii 


31U9 


li4U 


h 


2171 


5011 


171 


11 


6005 


3il;5 


iii5 


5 


2172 


5012 


172 


12 


6CO6 


31U6 


li+6 


6 


2173 


5013 


173 


13 


600? 


3lU7 


1U7 


7 


217U 


501U 


17U 


2h 


6008 


3llt8 


li;8 


8 


2175 


5015 


175 


15 


6009 


3lii9 


^}i9 


9 


2176 


5016 


176 


16 


6010 


3150 


150 


10 


2177 


5017 


177 


17 


6011 


3151 


.151 


11 


2178 


5018 


178 


18 


6012 


3152 


152 


12 


2179 


5019 


179 


19 


6013 


3153 


153 


13 


2180 


5000 


180 





oOlIi 


3l5ii 


I5ii 


lii 


2181 


5001 


181 


1 


6015 


3155 


155 


15 


2182 


5002 


182 


2 


6016 


3156 


156 


16 


2183 


5003 


183 


3 


6017 


3157 


157 


17 


218J4 


50OU 


18U 


h 


6018 


3158 


158 


18 


2185 


5005 


185 


5 


6019 


3159 


159 


19 


2186 


5306 


186 


6 


6000 


3160 


160 





2187 


5007 


187 


7 


6001 


3161 


161 


1 
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Quick-access memory cells, as x^ell as main maaory, may be referred to by 
the addresses of input commands, so that information may be read directly into 
the loops without the necessity of block transfer from main memory* 

The operation of the control counter in connection with the modulo-20 
interpretation of loop addresses should be notedp The control counter may 
advance by 1 for each command executed from loops, even though the commands 
ai'e repeated. For example, because of modular correspondence, cell 5020 is 
the same as 5000, and if no command is used which resets the control counter, 
the same set of 20 commands T'TIII be executed three times as the control coionter 
advances from 0000 to SQ$9 (wliich calls for the conmand in $019) » 

This feature of control counter behavior gives three opportunities to use 
iiO consecutive quick-access commands without providing a control change: from 
ii980 through 5019, from 5980 through 6019, and from 698O through 7019c Except 
when the control counter provides an automatic change from the last twenty 
addresses in one thousand-series to the first twenty of the next thousand, the 
only way to change control from one loop to another is to provide a command 
for that purpose, 

VJhen programmed properly, the quick-access loops obviate the need for 
restoring to its original form, inforriiation which may have been altered during 
computations This is illustrated by the program below. 





h in 




C Register 


A Register 


2309 


bl{ii)<- 


-2309 


3i| 2309 2310 




2310 


cu 


li311 


20 i;311 U311 




2311 


ca 


i*3l6 


61i I4316 1+312 


+ .9321+937021 


2312 


mr 


li317 


70 1+317 li313 


-06529690681 


2313 


tmh 


ii317 


12 U317 U3li+ 




231U 


z 


ij311 


01+ U311 1+315 




2315 


STOP 




08 0000 U316 




2316 


+»932ii937021 






2317 


-.700239651^8 








6 cu 


2309 
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As this program is executed, the 20 words in 230? through 2328 are block 
transferred to h309 through I4328 (interpreted as h009 through U008)o Since the 
B register is not used, the address parts of the commands following the first 
one must be loop addresses. After the execution of the tmh in ii3l3 (originally 
2313), cell ii317 contains -„652969068l. Cell 2317, however, still contains the 
original value - ,70023965^8 » This program, then, including the initial block 
transfer, may be repeated without going through the steps of prestoring initial 
values o 
Branching Commands 

In the program above, the OU originally stored at 231^; is a branching 
commandc The others are B- y, spl y, and cc and its variants, (The command sgc 
is not a branching command, but, like arithmetic overflow, provides the condition 
for the branching of cc«) Every time the content of the A register is not zero, 
the Oil command is converted automatically within the computer to a control 
change; the 1+311 address is shifted into the control counter, displacing ii3l5, 
and the program returns to i;311. On each repetition the magnitude of the 
product from the mr in ii312 becomes smaller j when it is small enough to fall 
within the R register, leaving the A register zero, the Ok will be unchanged and 
the control counter will continue to read 1+315- All branching commands are 
skipped if the condition for change of control is not met, and if the condition 
is met, all of them accomplish the change by converting the contents of the 
order register (CI and C2) to a cc corimand (28) and momentarily setting the over- 
flow toggle. A branching command allows the computer to choose which of txTO 
paths it shovild take in order to find its next command, depending on conditions 
arising from the execution of the programe 
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Multiple Branches 

So far, only two choices on a test have been considered. It is possible, 
by using a series of branching commands, to have an unlimited number of choices. 
For example, the following series of commands branches to b, c, or a, depending 
on whether the number in the A register is positive, negative, or zero. The 
diagram at the rignt is a symbolic outline of the program. 

z 



6002 
6003 
6ooU 
6005 
6006 



z 

cu 

sgc 

cc 

cu 



600U 

(a) 

6002 

(c) 

(b) 



=0 

/ 



^ sgc 

\ 



a b c 

Viith n levels of branching it is possible to work out a program which contains 
2^^ possible choices as illustrated below: 

A bar over the letter indicates that tlie condition is not true. The plus 

sign indicates "and." 

TEST 

A 



TEST 



A+B 



TEST 



A+B 



TEST 




TEST 



A+B 



TEST 



/ 



I+B+C A+B+C A+B+C A+B+C 



A+B+C A+B+C A+B+C A+B+C 

In this diagram there are 2^ = 8 possibilities. This process could be 
continued indefinitely, but need not be symmetrical. 
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Use of the B Register 

The most important uses of the B register are address modification, and, 
since the B register can be counted down, tallying a cycle while the addresses 
of commands within the cycle are altered by the addition of a different number 
each time. Modification of a command word by addition of the B register, 
including decimal carries, takes place after the word is read from the drum, as 
it is being transferred from the D register through the adder to the C register » 
The word remains unchanged in the quick-access or main memory cell from which it 
was read. The signal for address modification by the ii register is a 1 in the 
sign position of the coraRiand word stored on the drum» Several examples of B- 
register modification are given below: 

Word on Drum Content of B Register VJord in C Register 



0000 6U 23h9 

1 0000 61i 23h9 
1 0000 6U 23U9 
1 0000 6U 23h9 



079U 
079h 
90h3 
0000 



Sk 23h9 

6U 31l3 - — 

65 1392 — - 

6U 23I49 



Note that the addition of the contents of the B register in the third example 
above changes the instruction from "clear and add" to "clear and subtract." 
The follox>!ing code exemplifies the use of the B register as a command 
modifier and tally. 

Problem: Count all words mth negative sign stored in 30I6 through 3999; 
store the resulting count in 2001. 



Storage 




Address 


Command 




k in 0060 


0060 


B 7069 


0061 


- ca 3016 


0062 


sgc 7061 


0063 


cc 7067 



Effect 

Load B 

Test for negative 
Omit count if positive 



C Register 

72 7069 7061 
6U 3999 7062 

73 7061 7063 
28 7067 7067 
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Storage ^ ^ . , 

Address - cont. Command Effect G Register 

006ii ca 7O70-^ 6U 7070 7065 

0065 ad 7071 ) Add 1 to count if negative 7h 7071 YUob 

0066 tmh 7070 J 12 7070 7067 

0067 B- 7061 Tally and recycle 22 7061 7061 

0068 tJ^^TOOl Store count 02 2001 706? 

0069 STOP 0983 °^ °983 7070 

0070 CD 0000 00 OOOOl Loop count storage 

0071 0000 00 0001 

6 cub 0060 

Note that B is loaded with 0983, the address part of the command in 7069. 
(This command was put into 7069 from OO69 by the cub OO6O,) The C-register 
content shown for the command in 7063 (28 7067 7067) is what would be there if 
the number in 3999 were positive j that is, the overflow toggle would be set, 
there would be no addition to the count, and control would be changed to 7067 
(the address tally for the 3016-3999 series). If the number in 3999 x^ere negative, 
the sign comparison wuld show no difference, the cc (28) would be changed to a 
cu (20) and control would be changed to 706U, whiclri would show in the control 
counter. This and the two succeeding conmands would store a count of 1 for a 

negative number in 3999* 

The B- 7061 counts B down to O982 and changes control to 706l. On this 
execution the command in 706l brings its operand from 3998, since the content of 
the B register is changed. When the B register is counted down to 0, the pre- 
ceding operand will have been brought from 3OI6 and control will be changed to 
7068, which will store the count in 2001. The computer stops on the next command. 

B-register address modification used with the B- command is the most fre- 
quently used tallying device. To go throxigh n cycles of a program, set B to n - 1 
and let the address part of the B- be the address of the first command in the 
cycle i 
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Problem: Add +.0000000^00 to the numbers stored in OiiOO through Jj99., Store 
the new numbers consecutively in O6OO through 0799, so that (O6OO) - 
(OUOO) +.0000000500, (0601) = (Ol^Ol) +.COOOOOO5OO, etc. Assume that 
there will be no overflow. 



1096 
1099 
1100 
1101 
1102 
1103 
llOli 
1105 
1106 
1107 
1108 
1109 
1110 

1111 

1112 
1113 

mil 

1115 
1116 

1117 



U in 

bl(6) 

cu 

B 

bl(ii) 
-ca 

ad 
-tmh 

B' 



1098 
- 1100) 
6100) 

6115 
-toUoo3 
UUoo) 
6116) 
5000) 
6102) 



bl(5)— >ro6o(3 

ca 6101) 



ad 
cc 

tmc 

ca 
ad 
tmc 
cu 



6117) 
613.5) 
6101) 

6106) 
6117) 
6106) 
6100 



STOP 0019 

+.0000000500 

+0OIOOO 00020 

6 cu 1098 



Block the program into the 6OOO loop and 

change control to the loop^ 

Set B at 19 e 

Blocik 20 numbers into L, o 

Compute and temporarily store the 20 new 
nvimbers « 

Block the new numbers to storage. 

Alter the blocking command so that the next 
90 numbers will be brought into the loop. 
Simultaneously tally: if there is overflow, 
branch. The problem is finished « 

A].ter the blocking command which s tores the 

new numbers 

Cnange control to the beginning for the 

computation of 20 new numbers. 

Stop the computers, 



In this example the coiranand in cell 1101, bl(U) Oi^OO, is written as 
+.9000 3U OUOO. Therefore after the comand has been altered ten times there 
Will be an overflow, indicating that the final block of twenty numbers has been 

computedo 

This exaiTiple illustrates a^equent use of the loops, that is, as a storage 
place for numbers when they are being used in computation. In spite of the extra 
blocking commands which are needed, there is a considerable saving of time in 
being able to execute the entire program from the high-speed loops'. 

After the program has been blocked into the 6000 loop, all the loop addresses 
differ from the corresponding rtain-memory addresses by only the first digit: 
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111$ becomes 6ll5 rather than 60l5. Although this is not necessary, in view of 
the modulo 20 correspondence of loop addi'esses, it simplifies the identification 
of the commands being executedp 
Cycles Within Cycles 

A long cycling program may contain one or more small cycles mthin a larger 

cycle . 

Problem: Find the sum of the individual digits of the numbers in 0100 through 
0199 and store the sums in corresponding locations from 0200 to 0299. 

Storing the 3 register before each small cycle tcLll make it possible to use 
the B register again in the small cycles 



h in 0000 



0000 



B 



7013^ 



f 


0001 


-ca 


0100 




0002 


sr 


0010 


^ LARGE 


0003 


B-»A 


0009) 


> CYCLE 


oooU 


tmc 


7016) 




000$ 


tmc 


7017 




0006 


B 


7003 




'^0007 


si 


0001) 


SMALL , 


0008 


ad 


7017) 


CYCLE 


0009 


tmc 


7017) 




^0010 


B- 


7007 




0011 


B 


7016 




0012 


ca 


7017 




0013 


-tmc 


0200 


I 


OOlii 


B- 


7001 




001$ 


STOP 


0099 




0016 








0017 







Load B initially, 

(A) = first argument, 
a 



Store B. 

(7017) = zero. 

Load B for small cycle. 

Sum and store individual digits. 

Load B for large cycle. 
Store sum. 



B storage 
Sum storage 
6 cub 0000 

Step 000$, starting from an A register cleared by the previous order, is merely 
a convenient method for prestoring a zero. 
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It is sometimes not desirable to make the address parts of command words 
specific. This circumstance may arise in the coding of subroutines or when 
several sections of a large problem are coded separately and it is not knoxm 
in advance just where in memory a given section will be placed. The commands 
may be coded with relative addresses: that is, the addresses within the words 
are assigned on the assumption that this section of coding will be stored in 
consecutive cells beginning with 0000 or 'd-th any appropriately chosen cell. 

Such relative codes may be stored anywhere on the drum, and on input the 
B register may be used to adjust the address parts of words to accord with the 
locations at which the commands in the codes are stored. This is done by means 
of a 2 or a 3 in the sign column. The 2 adds the B register to the command and 
is cleared before the word is put away, so that the word has in the sign 
column. The 3 adds the B register and is changed to a 1 as the word is put 
away . 

Since the address parts of commands in subroutines are usually relative to 
the location of words within the subroutine, it is not necessary to modify such 
words by the B register on input unless the address part is to refer to main 
memory during the execution of the subroutine. 

The following is an example of coding with relative addresses. 

Problem: Print out a block of 20 numbers starting at any memory location. 
Assume that it is desirable to be able to place the program for 
this printout in any convenient memory location. (A program of 
this type is sometimes useful in checking a routine.) 

(1) Set B manually at 1120, assumed to be the first of 13 vacant cells 
where the program will be placed* 

(2) Set Rl, R2, R3, Rii manually at 22^0, assumed to be the address of the 
first of the 20 words vAiich are to be printed out. 
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(3) Read in the following pro grara punched on tape, 



Program on Tape 



Program as it appears in Memory 



5 in 



0000 



0000 


2 ca 


0011 


0001 


si 


OOOi; 


0002 


2 tmc 


OOOi; 


0005 


2 B_ 


0007 


oooh 


- !ca 


0000.^ 


0005 


po 


0010 


0006 


B+ 


0000 


0007 


■B—>A 


L 0000 


0008 


2 su 


0012 


0009 


2 z 


oooU 


0010 


STOP 


0000 


0011 


1 0000 


00 006U 


0012 


0000 


00 0020 



1120 
1121 



ca 

si 



1131 
OOOU 



Forms a 1 ca 22^0 
command in cell 1121;. 



1122 tmc 112U 

1123 B 1127 
II2I - [ca OOOCS 
112i>' po 0010 

1126 B+ COOO 

1127 B-*A 0000 

1128 su 3132 

1129 z 112ii 

1130 STOP 0000 

1131 1 0000 00 006i| 

1132 0000 00 0020 



Sets B initially at 0. 
Prints out the 20 words. 



Stops the computer. 



7 cu 0000 

The 5 in the sign column wj.ll start the tape feeding in and the "in" 
address will have the contents of the B register added to it, Ihe 7 in the 
sign column will stop the tape and will start the execution at the memory loca- 
tion of the first word in the program. 

A relatively coded program can be placed in any memory location autcmat- 
ically, without a manual setting of the B register before read-in. 

For illustration, assume that, as in the example above, the program is to 
be placed in consecutive memory locations beginning with cell 1120. 

Place the following commands ahead of the relatively coded program. 

h in 1120 Starts reading the tape into cells beginning with 

location 1120 » 

1120 B 1121 Sets B to the content of cell 1121, which is 1120, 

1121 in 1120 Reads the relatively coded program into cells 

beginning with 1120, 

k cu 1120 Executes the B setting before reading in the program. 
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Relatively coded program folloKs after six inches of blank tape, which 
aliJLows time to execute the two commands » 

The program blocks over the commands lA^nich were used to set B for the read- 
in operation, so that it is not necessary to use two additional memory locations. 
The program appears in memory exactly as it did in the preceding examples 

It is important to note that a relatively coded program ^diich is to be 
blocked into a loop must be placed in memory in consecutive locations beginning 
with one which corresponds to modulo 20. If this were not the case, the 
references within the loop would not correspond to the correct addresses. Another 
exait$)le of relative coding is given in Section 6o 
Methods of Checking Programs 

After a program has been coded and punched on tape or cards, it must be 
given a trial run on the computer. During this trial run, the programmer checks 
his routine for any errors in coding, scaling, or punching. 

Points in the routine at #iich the operator can compare computer results 
with precalculated or predetermined data are called check points. If the coding 
is in error, the operator would like to retrace the computational path up to the 
point of error from a portion of the code that he knows to be correct, 
BREAKPOINT Switch 

Check points can be easily identified by a system of breakpoints, or pre- 
determined automatic stops. The positions of the BREAKPOINT switch are OFF, U, 
2, and 1, The h, 2, and 1 positions refer to binary components of the decimal 
digit used for the breakpoint code (in the column to the left of the two order 
digits). The breakpoint digit will cause a stop if the switch is set for a 
binary component which it contains. The computer stops after executing the 
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command containing the breakpoint codeo Shown below are the binary representa- 
tions of 1, 3, and 7 as they wo\ild appear in the breakpoint digit: 

o o o o = ofr 

o o G c = on 

0© 

O o 

13 7 

With the switch at h, a breakpoint 7 will cause a stop but 3 or 1 will noto 

With the switch at 2, a breakpoint 7 or 3 will cause a stop but 1 will not, 

VJith the swj.tch at 1, a breakpoint 7, 3, or 1 wi'J.l cause a stop. 

Switch Setting Corresponding Breakpoint Digits for stop 



h 
2 

1 



h, 5. 6, 7 
2, 3, 6, 7 
1, 3, S, 7, 9 



The stratification of stops made available by the BREAKPOINT switch makes it 
possible for an operator to run a properly coded routine first on a U setting 
of the switch to determine in which major portion of the code an error lies, 
and then, by changing the switch setting, to narrow the range of points bounding 
the error. In the following table, the commands of the routine are omitted, 
leaving only the arrangement of breakpoint digits^ Between any txTO breakpoint 
digits there might be only a few commands or a long section of coding. 



7 

3 

1 

7 
3 

1 

3 



1 

1 

1 

3 « — second indication of error 

7# — first indication of error 

3 
7 



-exact location of error 
On the first time tlirough the program, with a k switch setting, the computer 
stops only on the 7'sj the operator discovers an error at the third 7 breakpoint. 
The error lies between it and the second 7 breakpoint. Setting the switch at 2 
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and sending the program back to the second 7 breakpoint, the operator narrows 
the field to the section of coding between the third and fourth 3 breakpoints. 
Sending the program back to the third 3 breakpoint, the operator finds that the 
error is between the third 3 breakpoint and the third 1 breakpoint. Sending 
the program once more back to the third 3 breakpoint and proceeding by STEP 
operation, the operator determines the exact location of the error. 
Correcting Errors 

Once an error has been found, the operator may correct it in the memory 
and continue, or he may correct it on tape or cards and then reload the program^ 
If correcting the error involves only a change in an order or an addreBrs, a 
trailer tape (or set of cards) is added to the input, on which a few commands 
are used to record the correct information over what is already on the drum. 

If correcting the error involves inserting missing instructions, the coder 
may store in the cell just preceding the one where the omitted command(s) should 
be, a cu which will change control to a group of unused cells. Into these cells 
he puts the command replaced by the cu, the omitted comraand(s), and a cu back to 
the program, Ren\ambering the commands after inserting missing instructions 
involves a good deal of alteration of addresses and is usually not done unless 
the error is discovered before the problem is run on the computer. 

The following program^ for example, will probably result in error since 
the "divide" command has not. been preceded by a cl R, It could be a small part 
of a much larger program o 

Correction 1 Correction 2 



l43i40 mh $000 
ii3U tmc 5005 
U3il2 - ca 1000 
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Correction 1 - conta 



kJ>k-i 


su li3U8 


ii3li3 


cu i^350 


h3hh 


div hJkS 


U3l|ii 


div h3h9 


ii3it5 . 


. tmc 2000 


i;3U5 


" tmc 2000 


U3U6 


B.- ii3U2 


ii3U6 


B- i;3i;2 


U3lt7 


cub 0360 


U3ii7 


cub 0360 


li3)48 


operand 


U3U8 


operand 


i;3i49 


operand 


k3h9 


operand 






U350 


su k3h9 






ii35l 


cl R 






ii352 


cu ii3UU 



Correction 2 

1;3U3 su h3h9 

h3kk cl R 

k'M div li350 

ii3U5 - tmc 2000 

h^kl B- ii3li2 

U3U8 cub 0360 

ij.3U9 operand 

U3^0 operand 



SKIP Switch 

If the SKIP switch is turned on^ any command with an 8 j.n the column to 
the left of the two order digits will be skipped. This is a useful device to 
incorporate in a program which might have several alternate paths o For example, 
a section of coding which treats data in one way may be preceded by a cu which, 
if executed would change control to another section of coding which would treat 
the data in a different way. With an 8 in the fourth digit position of the cu 
command, the position of the SKIP switch determines which of the two paths is 
taken. 

The SKIP switch can be useful also in checking a routine. During the check- 
ing procedure, it may be desirable to print out information somex'Jhere in the 
middle of the routine. With an 8 in the fourth digit of the printout commands 
and the SKIP switch turned on, the printout will be eliminated on the final r\in 
of the problem. 
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CONTROL PANE LS, KEIBOARD , AND 
PAPER TAPE EQUIPMENT 



Register Displays 

The contents of all registers are shown in arrays of neon bulbs on the con- 
trol console and on the supervisory control panel (on the front of the computer) c 
Each vertical column of neon bulbs is a decimal digit whose value is the sum of 
the values of the lighted bulbs. Pleading from top to bottom the bulbs represent 
8, h, 2, and 1, No value higher than 9 normally appears in any register. The 
register display arrangeirient on the console is shown belowj 



A Register 



R Register 



fo\o 


o 





o,o 


|0 





0~ 





0|0 





9 


0|0 


0(0 


o 


o 


o 


to 


o 





iSIO 


e ic 





t> 


o 


«to 


» 





old 


o'o 


• 





°^ 



[° 








o 








e 








6' 


o 

















o 








e 














'0 


» 








« 


9 





• 





o 





o 


o 












o - off 
• = on 



0(0 0,O 0(0 o o o"" 
0|OoeO|OOioo©o 
oio o »'o o'o « o 

Oi» O O C* 9 o'o O O © 



D Register 



o o © 
o o o 

0*0 
^ 006^ 

B 
Register 



























o 


0^ 


• 


• 


• 


e 


o 








o 


• 


o 


e 








« 








• 





o 





© 


o 


o 


• 


o 


» 





o 


• 


3 



C Register 



Only the A and D registers have algebraic signs (0 = +, 1 = -). Other digits 
in all registers are designated by tlie letter of the register and the number of 
the digit position from left to right, not including sign—for example, A5, RIO, 
Bl|, C6e The signs are labeled ASG and DSG. The three parts of the C register 
separated by dotted lines are the order register (Gl, C2), the address register 
(C3, CU, C5, C6), and the control counter (C7, C8, G9, CIO). The register con- 
tents shown are: 



-.O7I12126262 2100128926 
+.12li31022li3 0029 7Uii7012053 
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During STEP operation this configuration x-jould show that the number in D, 
brought from cell U701, will be added (7U) to the number in the A register. 
FETCH Light and EXECUTE Light 

The timing toggle determines the basic timing cycle of the computer, which 
alternates between the fetching of a command (from the drum to the C register) 
and the execution of the command fetched. The two neon bulbs labeled FETCH 
and EXECUTE on the console panel show the state of the timing toggle. Since 
the toggle is triggered to the opposite state at the beginning, not at the end, 
of each phase of the timing cycle, the lighted bulb shows during STEP operation 
which of the two phases will be performed nexte This means that the FETCH 
light is on while the "execute" phase proceeds and the EXECUTE light is on 
while the "fetch" phase proceeds. 
CLEAR Button 

Pressing the CLEWl button sets every digit of every register (including 
the sign digits of the A and D registers) to zero. It should be noted that 
this puts the coimiand "in 0000" (00 0000 0000 ) into the C register. The CLEAR 
button will not affect any information on the druai. 
INPUT Selector 

The INPUT selector has three positions, IiECIiANIGidi READER, OPTICAL READER, 
and KEYBOARD. The mechanical reader, attached to the Flexowriter, reads into 
the computer from paper tape (subject to the wiring of the patch panel on the 
back of the typewriter control) at about 12 digits per second. The optical 
reader, a photoelectric device in the console, reads into the computer from 
paper tape at about ^iiO characters per second. 
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The keyboard contains a kay for each decimal digit and a "finish" key. 
Pressing the finish key coitpletes the entry of a word into the computer from the 
keyboard. The keyboard is generally used to read in a few words at a time, as 
for inserting corrections or inserting or deleting breakpoints, 
OPERATION Buttons 

Pressing the CONTINUOUS button throws the timing toggle to EXECUTE and 
starts continuous operation of the computer. If the registers have been cleared, 
the first command executed will be the "in 0000" order in the C register, and 
the machine will start to read in from the device selected by the INPUT switch. 

Pressing the STOP button stops the computers 

Pressing the STEP button mth the machine stopped puts the program through 
the computer one step at a time. The button is pressed once for the "fetch" and 
once for the "execute" phase of each command. Pressing the STEP button while 
the computer is in continuous operation will produce confusion and will garble 
information in the arithmetic registers; the STOP button should be pressed before 
step operation is begun. 
OPERATION Lights 

Associated with the OPERATION buttons are two OPERATION lights. The 
CONTINUOUS light indicates continuous operation. The NOT READY light indicates 
that one or more of the switches on the computer smtch panel are not in NORMAL 
position, 
BREAKPOINT Switch 

The use of the BREAKPOINT st.iJitch is described in Section $. When the switch 
is not in the OFF position, the computer will stop after executing a comjnand 
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whose fourth digit contains a binary 1 in the row corresponding to the switch 
setting— li, 2. or 1, If the BREAKPOIIfT STcLtch is in the OFF position, the coin- 
puter ignores breakpoint codas. Pressing the CONTINUOUS button will start the 
computer after a breakpoint stop* 

Switch Setting Breakpoint Digits I^Thich Stop Computer 

h h, 5, 6, 7 

2 2, 3, 6, 7 

1 1, 3, 5, 7, 9 

OFF None 

SKIP Switch 

The use of the SKIP switch is described in Section 5. When the SKIP switch 
is in the ON position, the computer will skip any command having an 8 or 9 in the 
fourth-digit position (which is also the breakpoint position) « It should be noted 
that if there is a 9 in the fourth-digit position, the computer will stop at that 
command, but will not execute it. 

When the SKIP switch is in the OFF position the computer mil ignore skip codes ^ 
COMPUTER STOP Lights 

The COMPUTER STOP lights are labeled IDLE, FC/SA, CONTROL, and BKPT (BREAK- 
POINT), 

The IDLE light is on when the computer is in step operation and will go on 
if any malfunction should interrupt the fetch/execute cycle. 

The CONTROL light is on when the computer is stopped by the STOP button or 
by a programmed stop (08), 

The FC/SA light will go on for a "forbidden combination" (register digit 
greater than 9 in value) appearing in any one of a number of strategic locations, 
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or for a "sector alarm"— that is, if the sector counter should fail to contain 
000 at the instant of the origin pulse on the drum. (Such failure would mean 
that reading and writing operations were out of synchronism, which would result 
in garbled information,) 

The BREAKPOINT light is on whenever the computer has made a breakpoint stop, 

AUDIBLE ALARL^i Switch 

When the AUDIBLE ALARM switch is on, a buzzer will signal if any of the 
COMPUTER STOP lights or the OVERFLOW light goes on« The buzzer is disabled if 
the switch is off • 
OVERFLOW Light 

The computer stops and the OVERFLOW ligiit goes on if an addition, a subtrac- 
tion, or a division results in arittmetic overflow (result equal to or greater 
than 1.0000000000 in absolute value) and is not followed by a conditional change 
of control. The fractional sum or difference remains in the A register after an 
overflow addition or subtraction, but the A and R registers are cleared after an 
overflow division and the dividend is lost. 

The computer stops and the OVERFLO'J light goes on if a sign comparison dis- 
covers different signs and is not folloxred by a conditional change of control. 

As has been noted in Section 5, the overflow toggle is set and the OVERFLOW 
light goes on momentarily in branching commands, but the cc is built into those 
commands and the computer does not stop. 

The overflow toggle can be set to zero and the OVERFLOW light turned off by 
pressing the RESET button located below the OVERFLOW light. 
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OUTPUT Selecto r 

The OUTPUT selector may be left in the OFF position if no printout commands 
are used. If a printout command comes up for execution while the selector is in 
the OFF position the computer will stop and the IDLE alarm light will go ono 

If the OUTPUT selector is in PA®; position, output will go to the typewriter, 
subject to the patch panel connections ori the back of the typewriter controlo 
It should be noted that failure to turn 6n power at the typewriter when the 
selector is in PAGE position can result in loss of informationc In such a case, 
the A-register contents will be shifted as usual and the computer will continue 

as if it had printed outo 

If the OUTPUT selector is in TAPE position, printout corranands will actuate 
the motorized paper tape punch on the control console. 

If the computer idles because the selector is in OFF position at the time of 
a printout command, the STOP button should be pressed? otherwise, moving the 
selector may introduce transient pulses into the computer. With the computer 
stopped, the operator may set the OUTPUT selector, change control to a location 
from which the printout command can be repeated, and then press the CONTINUOUS 

button. 

PoO. SUPPFcESS (Printout Suppress) Switch 

The PRINTOUT SUPi^RESS switch, when on, will cause the computer to ignore 
printout commands and the machine will operate normally otherwise „ If the 
switch is off, printout commands will be executed* 
Supervisory Control Panel 

The supervisory control panel on the front of the computer contains all 
switches, lights, and buttons appearing on the console panel and additional 
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controls and indicators which are helpful in computer maintenance. 

Banlcs of push buttons corresponding to the banks of neon-bulb indicators 
for the register toggles make it possible to set each register toggle to 1 or 0. 
Pressing one of the buttons will set the corresponding toggle to 1 and light 
the neon bulb. Pressing one of the buttons and the ZERO button at the same time 
(the toggle push button should be released first) will set the corresponding 
toggle to and turn off the neon bulbo 

A CLEAR button associated with each register mil set all toggles in the 
register to and turn off all neon bulbs o 
Computer Switch Panel 

The computer svfitch panel, below the supervisory control panel, is used 
primarily for maintenance. If any of its switches (except PRINTOUT SUPPRESS 
and SKIP, x^hich can be overridden at the console panel) is off the MORI'IAL 
position, the NOT REI^DY light goes on. The domputer panel switches that an 
operator may have occasion to use are described in the following paragraphs. 
AUTOMATIC ROLLBACK STCLtch In NOPJiAL position this switch has no effect. When 
the swj.tch is off N0RI.1AL, the computer will call for input, after any stop, from 
the device indicated by the INPUT selector. 

TAPE SUM Switch In NOBihAL position this switch has no effect. When the switch 
is off KQRi'iAL, all information coming from the keyboard, the mechanical tape 
reader, or the photoelectric tape reader, both numbers and commands, is summed 
in the A register as decimal numbers (absolute value)* The information does not 
go to the drum or to the C register. The fractional part of the sum appears in 
the A register vihen the input stops .-. 
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The tape sum operation is started by setting tbe INPUT selector, clearing the 
registers, and, mth the TAPE SUI'I switch off NORMAL, pressing the STEP button. 
Tape comands (words with U, 5, 6, or 7 in the sign column) appearing in the input 
will not be included in the suimiation: words with U or 5 in the sign column will 
be ignored, and words with 6 or 7 in the sign column mil stop the input operation, 
making it necessary to press the STEP button again to continue the sumation. 
IGNORE FC & SECTOR ALAK4 Switch When this switch is off the NORl'IAL position, the 
computer mil continue operating sequentially despite overflow; cc, ccb, ccbR, 
and ccR commands will be treated as if no overflow had occurred. Iftien the switch 
is in the NOR).AL position, arithmetic overflow mil cause the machine to stop 
unless a cc, ccb, ccbR, or ccR command follows the command that led to the 

overflow • 

FILL 1-iEl-iORY Switch. CIRCULATE D Switch, and RECYCLE Switch lihen these switches 
are off the NORI'iAL position, any number of memory locations can be filled with 
a given quantity. The quantity is placed in the D register from the supervisory 
control panel, the control counter set to the address of the first location to be 
filled, input is set to JaSIBGARD, and the computer put into continuous operation. 
The quantity in the D register will be read into consecutive memory locations, 
the control counter counting up 1 each time. The operation may be stopped by 

pressing the STOP button, 

DECPiAL CORRECT SUPPRESS Smtch VJhen this switch and the IGNORE FC & SECTOR ALAMi 
switch are off the NORiiAL position, correction of the binary sum appearing in the 
adder is suppressed, and the addition of two positive or two negative quantities 
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will treat the digits as hexadecimal digits with hexadecimal carries, the result 
appearing in the A register as hexadecimal digits. If after the adjustment of 
D-sign for subtraction and for absolute-value commands the signs of A and D are 
different, the A register will be complemented on 10 as in normal operation and 
the resulting digits will be added hexadeciraally to the contents of the D register, 
Control Settings for Normal Operation 

Most codes can be read into the computer xd-th the folloxring control settings; 



OUTPUT Selector 

P.O. SUPPRESS Switch 

SKIP Switch 

BREAKPOINT Switch 

INPUT Selector 

Computer Switch Panel 

Patch Panel (On Typewriter Control) 

Flexowriter 

Format Control Panel (On Tjrpewriter 
Control) 



PAGE 

OFF 

OFF 

As desired 

OPTICAL READER 

All switches at NORI'IAL 

FROIh CONSOLE TO FORKAT/FRa'i FORJiAT TO 

FLEXOimiTER 
ON 
Press RESET; other settings as desired 



Pressing the CLEAR button and then the CONTINUOUS button will start input and 
put the computer in continuous operations 
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Starting and Shutting Down the Computer System 

Various power controls of primary interest to the engineer must be in normal 
condition before the system can be operated from the power control panel. These 
controls and their locations and conditions are: 



Three-phase disconnect switch and 
filament powei- disconnect switch 
(near motor-generator) 

Circuit-breakers (near power control) 

BC LOCKOUT switches (one on power control 
panel, one on computer switch panel, and 
one on marginal voltage check panel at 
rear center of computer) 

Overload breakers marked li. G. OUTPUT 
CONTROL -160, +200, +2^0 and mSTER 
CONTROL 111)' VcA.C, (jnside door at left 
of power control cabinet) 

Filament variable transformer (handwheel 
inside door at left of power control 
cabinet) 



Closed 

On 
Off 



ON 



Turned clockwise to the stop 



On the power control panel are ON buttons (black) and OFF buttons (red) 

for the blowers, tube filaments, drum motor, motor-generator, and d~c voltages, 

arranged from left to right » At the top of the panel eight computer voltages 

are indicated, each with a voltmeter (upper) and an ammeter (lower) above it„ 

The voltmeters must be checked when the motor-generator is turned on^ Any 

variance of a meter reading from the correct voltage indicated on the panel should 

be brought to the attention of the maintenance engineer. 

Starting the System 

Press the BLOWERS ON button. 
Press the FILAlnENT ON button. 

Turn the filanEnt transformer handwheel slowly counter clockwise until 
the meter reads 230 volts. This should take at least 30 seconds. 
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Starting the System - continued 

Press the FILAI^'iENT FAIL RESET button. 

Press the DRM ON button, 

VJait five minutes for tube temperatures to stabilxze. 

Press the MOTOR GENERATOR ON button. An alarm will sound to remind 

the operator to- check the voltmeters , 
Press the DC FAIL RESET button to tui'n off the alarm* 
Press the DC ON button* 

Shutting Down the System 

Press the DC OFF button. 

Press the MOTOR GEInIERATOR OFF button. 

Press the DRIM OFF button. 4.-T • + 

Turn the filament transformer handwheel slowly clockwise until it 

hits the stop. This should take at least 30 seconds. 
Press the FiLAiiENT OFF button. 
Press the BLO^JERS OFF button. 

Input from Keyboard 

VJith the registers cleared, the C register contains an "in" coranand 
(00 0000 0000). If the INPUT selector is set at keyboard, pressing the STEP or 
the CONTINUOUS button will initiate the process of reading keyboard words into 
consecutive locations starting with 0000 « 

This state of affairs is altered only by some keyboard word (it may be the 
first) containing a U, 5, 6, br 7 in the sign column. <Such words are usually 
called "tape commands," but their transfer to the C register for immediate 
execution takes place also if they come from the keyboard.) It may be well to 
recall here that 6 op 7 stops input while U or $ does not, and that 5 or 7 adds 
the B register while h or 6 does noto 

The operations for which keyboard input will most often be used are: 

To put a word ani«) a memory cell or a number of words into consecutive 
memory cells. 

To execute a command or cranmands from the keyboard (usually "input," 
"clear and add,*" or ^^change control" command) . 
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Examples: (It is assumed that registers are cleared and INPUT is set to 
KEIBOiiRIl) 

To put one or more words into iaemory: 

Press the CONTINUOUS button. 

Type on ttoe keyboard n 0000 00 xxxx f, where n is U or ^, xxxx is the 

desired storage address, and F is tne F key. Pressing the F key 

puts the desired input order into the C register, replacing the 

0000 address o 
Type the word which is to be put into memory. Pressing the F key puts 

this word into cell xx3cx: (or xxxx + (B) if the sign digit of the 

input command was 5) o 
Words subsequently typed on the keyboard will be stored in consecutive 

memory cells until a sign-column instruction diverts the input to 

the C register* 

To execute one or more commands from keyboard: 

Press the STEP button., 

Type on the keyboard n 0000 xx xxxx F, where n is 6 or 7 (It or 5 if 

more than one command is to be executed) and xxxx are the address 
digits (xxxx + (B) if the sign digit of the input command was 5 
or 7). Pressing the F key puts this command word into the C 
register. 

Press the STEP button again. This executes the command. 

To start executing a routine stored in memory: 

Press the CLEAR button o 
Press the STEP or the CONTINUOUS button. 

Type on the keyboard a "change control" command (cu) with 6 or 7 as 
the sign digit. 

Input from Punched Paper Tape 

Press the CLEAR button. 

Set the INPUT selector to I^Cm.NICAL RK'xDER or OPTICAL READER. 

Press the CONTINUOUS button. 
Loading Tape into the Photoelectric lieader 

The folloTfJing two pages show the front of the photoelectric reader chassis 
and one of the two assemblies designed to adapt it to different lengths of tape, 
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in that order. Hinge-pins on both assemblies lit into brackets at the bottom of 

the chassis. The larger assembly, i/dth reelsj, is designed for tapes containing 

roughly 1000 words or more, and the smaller assembly for shorter tapes, which 

are sometimes spliced into loops. Either assembly is conveniently handled by a 

knob which serves to lock it in place on the reader. The tape moves from left 

to right of an observer facing the reader, with the "C" punches (accompanying 

the decimal digits) on the side away from the machine. 

To use the loop adapter: 

Put the tape in position over the read head. 

Put the hinge-pins in the brackets* 

Turn the knob counter clocki-zise and push the adapter forward over the 

tape. 
Turn the knob clockwise, which locks the adapter in place. 
Give a light tug on the tape on the left side to take out the slack. 

To use the reel adapter: 

Put the tape in the slot on the spool of the take-up reel and give the 

reel one or two turns. 
Ttirn the knob counter-clockwise and put both reels on the adapters, 

fitting the reel lockpins in place and leading the tape over the 

raised tape guides. 
Put the hinge-pins in the brackets. 
Push the adapter forward and turn the knob clockwise, which locks the 

adapter in place, lowers the tape chides, and allows the tape to 

rest on the read head. 
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DESCRIPTION AND_USE OF EQIEHm^T MmML T0_ TjffiCJDM^^ 

Provision has been made in the ElectroData computer for the attachment of 
a number of pieces of auxiliary equipment v4iich may be directly controlled by 
the computer. This equipment is of two kinds: input-output equipment, and 
auxiliary storage equipment. In addition, various axixiliary equipment not 
directly under control of the computer is involved in preparation and processing 
of data and instructions to be entered in the computer. This section describes 
and explains the use of standard auxiliary equipment. 
Systems 

The input and output equipment attached to any partic\ilar computer 
depends on the application of the computer, ElectroData computers 
accept information from: 
Punched paper tape 
Punched cards (IBM) 
Decimal Keyboard 
ElectroData computers read out to: 
Punched paper tape 
Punched cards (IBM) 
Flexowriter or IBM Tabxilator 
Console register display 
The two principal ccwtiinatlons used are: 

Computer, console, keyboard, photoelectric tape reader, paper tape 
perforator, Flexowriter tabulator. 
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Computer, console, keyboard, converter unit, IBM units for card 
reading ^nd punching., IBM tabulator. 

These txTO systems will be referred to as the punched paper tape system 
and the punched card system* 

Punched Paper Tape System Information to be read into the computer is 
punched on paper tape in serial decimal digits. Each word on the tape 
occupies thirteen decimal-digit positions: one for the algebraic signj 
ten for digits of the words one for the finish punch; and one for a 
carriage-return character, xJ-hich is ignored by the computer. 



-Tape travel 




Sprocket holes 



Carriage return 
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The illustration on the preceding page shows the upper side of the tape as 
it goes into the photoelectric tape reader or the Flexowriter, 

The four lower channels contain the decimal digit value in binary code. 
The fifth channel contains the F (or "finish'O punch which signals the end of an 
11-digit word. The sixth channel contains the C (or "clock") punches which 
indicate to the cortiputor that the content of the lower four channels at the same 
time is to be accepted as a binary^coded digit. The lower four channels will be 
read into the computer only ^^rhen accompanied by a C punch. 

The seventh channel is a "delete" punch indicating that the other channels 
are to be ignored when read by a tape preparation unit. This punch is an 
instruction to the Flexowriter only, and is not sensed by the photoelectric 
reader. A tape containing an error which is indicated for deletion by the 
seventh channel will print correctly on a tape preparation unit, but should not 
be read into the canputer, since the error will not only remain, but i^ll add an 
extra digit to the word. 
Tape Preparation; 

The Flexowriter and the ElectroI>ata Tape Preparation Unit can be used to 
prepare punched tape for the con53uter^ Numerical data and numerical equivalents 
of all symbolic codes, are punched on the tape in the order in which they are to 
be entered into the computer. It is advisable to leave about 10 inches blank at 
the beginning of the tape. This is to allow the photocells to warm up and the 
tape drive to come up to speed. Also, it can be helpful to have some blank tape 
at the end of the program and at several intervals throughout the program. This 
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will facilitate making corrections or insertions if they are necessary. 
Flexowriter 

The Flexowriter is an electric typewriter with an integral punch for paper 
tape and a reader for punched paper tapet It is provided with an ElectroData 
13-key numerical keyboard in addition to its standard keyboard. It will trans- 
fer information as follows: 

From To 



Either of the keyboards 

or 
Its punched tape reader 



Page by printing 

and 
Paper tape by punching 



Blank tape is fed to the Flexowriter punching unit from a reel. A prepunched 
tape is inserted into the read unit in preparation for a reading operation. As 
modified by ElectroData, the Flexowriter will punch binary code when the decimal- 
digit keys are actuated. 

In addition to the format controls of a regular typewriter, the controls of 
the Flexowriter include an ON-OFF switch and the following six keys: 

START READ When depressed, this tab causes the paper tape to move 

through the reader and the information on the tape to be printed on 

the FlexoTwiter, 

STOP READ Vjhen depressed, this tab stops the tape from moving through 

the reader, 

PUNCH ON VJhen depressed, this tab causes information typed on the key- 
board or obtained from the read unit to be punched into tape. 
TAPE FEED when depressed, this tab causes blank tape to be fed through 
the punching unit if the PUNCH ON tab is also depressedo 
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CODE DELETE When pressed this tab causes the Flexowriter to punch the 
seventh channel of the tape. This punch causes the character containing 
it to be omitted during a subsequent reading operation in the read unit„ 
STOP CODE Punches holes in the lower three channels of tape. The tape 
will stop at tills point when read by the Flexowriter and will move forward 
again vAien the START READ tab is depressed. 

If the PUNCH ON tab is depressed and the START READ tab is depressed, 
then information passing through the reader will be punched on a new tape 
by the punch, with the exception that blank tape and columns where a 
"delete" hole is punched in the seventh channel will not be reproduced by 

the punch. 

A 13-key decimal-keyboard may be attached to Flexowriters which are 
used for tape preparation, ^hen punching numerically coded tapes it is 
more convenient to use this attachment than to use the typewriter key- 
board. In addition to the digits through 9, there is a key which will 
punch four successive zeros and also a key which produces a finish punch 
and a carriage-return punch. 

Whenever tape is being punched by the Flexowriter, or read through 
the reader, the Flexowriter, in addition, will type the information it 
receives. The proof sheet thus produced is an aid in detecting errors 
punched on the tape. An error is deleted moving the erroneous character 
to the position directly under the punch dies and pressing the CODE 
DELETE tab* It is necessary to press the delete tab for each character 
in order to delete an entire word. If an error is discovered immediately 
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after the word is punched, the word may be immediately deleted and the 
correct word punched before continuing to the next word. If tlie error 
is not discovered until later, it is necessary, when reproducing the 
tape, to stop the read-in of the old tape at the word to be deleted and 
manually punch-in the correct information via the typewriter or keyboard. 
The START READ tab is used to resiime tape reproduction. The deleted word 
will not appear on the new tapec 

To operate the Flexowriter when preparing a tape for use on the 
computer : 

1» Put the ON-OFF switch at ON. 

2. Depress the. PUNCH-OM tab c 

3. Feed out 6 to 10 inches of blank tape by pressing the TAEE 
FEED tab» 

ho Punch out the tape by using the numerical keyboard. At the 
end of each word in the program (sign plus ten digits), press 
the F key, which produces a finish punch indicating the end 
of the word to the computer and actuating the carriage return 
on the FLexowriter. The typewritten copy of the program viill 
thus appear as a single coltunn of words, 

^. After finishing the program, feed out more blank tape. 

6. Check the printed copy of the program against the original 
document , 

To reproduce the tape: 

1. Place the leading end of the tape in the FlexoOTiter reader, 

2. Depress the PUNCH ON tab, 

3. Feed out blank tape on the new tape by pressing the TAPE FEED 
tab, 

U. Press the START READ tab. This will feed the original tape 
through the reader and punch a reproduction on the new tape. 
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5o At the end of the program on the original tape, press the 
STOP READ tab. 

6, Feed out blank tape at the end of the new tape, 

7, Remove both tapes from the Flexowriter. . 
ElectroData Paper Tape Preparation and Verification Unit 

Unlike the Flexowriter, this unit has been designed for a "word" as opposed 
to a "character" mode of operation. This means that the working unit for this 
equipment is one word: 11 digits, F punch and carriage-return punch. A 
description of various components of this system follows:. 

The system consists of the following units: 

a. A Commercial Controls Corporation motorized paper tape reader. 

b. A Commercial Controls Corporation motorized paper tape punch. 

0. An ElectroData or IBM numerical keyboard, 

d. An Electrouata paper tape preparation and verification control unit. 
(Hereafter referred to as Control Unit) 

The system will perform the follomng functions: 

a. Punching of characters entered in the keyboard or by a position 
counter (see "d" of Section h) into paper tape. 

b. Punching of characters entered in the keyboard or by the position 
counter into paper tape, with simultaneous verification against ^ 
characters read from a prepunched control tape. The verification 
is of the "serial" typej i.e., a character entered in the keyboard 
or by the position counter is checked against the character on the 
control tape before punching. 

c. Duplication of punched paper tapes. 

The paper tape reader, the paper tape punch, and the keyboard plug into 
the control unit. Power for the entire system is supplied by the control 

unit. 

The front of the control unit cabinet serves as a control panel for the 
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system. The follox'ri.ng controls and indicators for the system are on the 

control panel, (See Figure J.) 

a. Word Counter, 

This is a six-digit manual-reset counter. The counter is pulsed 
when an F hole is punched by the paper tape punch, 

bo Position Indicator o 

This is a series of 11 neon lamps that correspond to the 11 digits 
of a word; sign and digits 1 thi'ough 10. The light indicates the 
next digit position to be punched. If no li^t is on, the F or 
carriage-return position of a word is indicated, 

c, Error Light, 

This is a red light that glows if a character entered at the key- 
board or position counter and a character entered at the reader 
during the verification operation do not correspond, 

d, RESET Button 

The digits punched are counted by a position counter. The positions 
of this counter correspond to the position indicator lights. This 
counter controls the automatic insertion of F and CR punches (finish 
and carriage return) after every 11 digits punched. The reset button 
resets this counter to the "home" position, i,e. in position for 
punching the sign digit of the next word. The reset condition is 
indicated on the control panel by the SG neon. 

e, CORRECTION Button 

The verification of one character is realized by storing, in relay 
storage, the code for one character read by the reader and comparing 
this character via coincidence circuits with a character entered from 
the keyboard or position counter. No character may be punched during 
the verification operation unless this coincidence exists. Hence, if 
the character read by the reader is incorrect, some means of storing 
the correct character in the relays must be employed. The correction 
button performs this function by activating a relay switching circuit 
that connects the keyboard I'Jith the storage relays. The relay is 
dropped out after one, and only one, digit has been inserted from the 
keyboard. 
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f. Zero Tab Set Switches. 

These switches control the automatic punching of zeros. (See Key- 
board Control keys) , 

g. Function .Selector Switch. 

This selector switch may be set to one of J4 positions: 
OFF 

When the selector is in OFF position no pov/er is on the control 
unit J in any other position power is on, 

PUNCH 

VJhen the selector is in PUNCH position the keyboard is connected 
directly to the punch. The punching is under control of the 
position counter for automatic insertion of F and carriage-return 
pimches . 

DUPLICATE 

When the selector is in DUPLICATE position the reader and punch 
are directly connected so that the tape in the reader may be 
duplicated. The leader, trailer, and all blank parts of the tape 
in the reader are duplicated on tlie tape in the punch, 

VERIFY 

When the selector is in VERIFY position the keyboard and position 
counter are connected so that the character entered by the keyboard 
or by the position counter is checked against the character entered 
in the storage relays from the control tape in the reader. If the 
two coincide, the character is punched, if. they do not, punching 
is halted and the ERROR li,ght is turned on, 

h. Word Advance Key and Duplication Control SicLtch, 

This is a three-position toggle that has one switch position, an 
off position, and a momentary contact key position, 

ADVANCE 

The depression of the toggle to this position causes the tape in 
the reader to be advanced past the next carriage-return punch. 
This advancement is effected regardless of the position indicator 
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setting. If tape is in the reader it can be advanced by this button 
during any operation except automatic duplication. 

With the selector set at VERIFY, characters advanced through the 
reader will not be stored in the storage relays. The first digit 
after the carriage-return punch is stored in the relays, available 
for verification purposes, and the position counter is reset. 
With the selector set at DUPLICATE, the characters read during 
the advancement will be duplicated by the punch. With the selector 
set at PUNCH, the advancement of a tape in the reader will have no 
effect on the operation of the punch or the position counter. 

AUTO DUPLICATE 

When the duplication control ST:itch is in this position the tape in 
the reader t/dll be duplicated if the function selector switch is 
set at DUPLICATE, It has no effect if the function selector switch 
is set to any other position, 

OFF 

This is the normal position of the duplication control switch. The 
OFF position can be used to interrupt automatic duplication, 

5. The follomng control keys are located on the keyboard, 

a, ZERO TAB 

The depression of this key initiates the emission of zeros for 
both punching and verifying operations. Zeros are punched until 
the end of the word, as defined by the position counter, is 
reached, or until a zero tab stop is encountered, or, in the 
case of verification, if an error is detected. One or more tab 
stops may be set. The number of zeros punched will depend on 
the tab stop settings and on the position of the word to be 
punched when the ZERO TAB key is depressed. Tabbing to the end 
of a word causes the 11 zeros to be punched and the F and 
carriage-return punches to be inserted at the end of the word, 

b. ZERO FINISH 

The depression of this key causes zeros to be emitted for 
punching and verifying operations. Ihis key can be used to 
emit a maximum of 11 zeros (one word) or a minimum of 1 zero. 
The wcsrd, as defined by the position indicator, will be filled 
with zeros on the right and an F and carriage-return character 
punched. The ZERO TAB stops do not affect this operation. If 
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an error is detected on verification, the emission will halt and 
the position indicator mil indicate the position of error, 

6a The keyboard is disconnected when the function selector is set at 
DUPLICATE , 

The use of tkis unit for tape preparation is described below: 

Punching 

To prepare the system for punching, the control panel is set up as 

follows ; 

1„ Reset the WORD COUNTER to zero, 

2o Turn the fimction selector switch to PUNCH. 

3. Make sure the POSITION INDICATOR is reset. (The sign position 
indicator light on,) If necessary depress the RESET button, 

i4. Set the ZERO TAB stops as indicated by the nature of the information 
to be punchedo If the data consists of coded commands, a tab stop 
before the first order-digit is probably most useful. For other 
data, the pattern of zeros will determine the tab stop settings. 
Tab stop settings may be altered during the punching operation as 
the nature of the zero pattern in the data warrants. 

5„ Start punching the program via the k^board. After 11 digits are 
punched, the F and carriage-return punches are automatically 
produced and the x-Jord counter advances « This can be used as a 
partial check on punching* If a punching error is observed, the 
ZERO FINISH key should be pressed and the word in error repunched. 

The ZERO TAB key and ZERO FINISH key may be used wherever they are 
appropriate for speeding up the pijnching operation. 

After the original docuraent is transcribed, note on the original 
prograra the number in the word counter, the correct n\imber of words, 
if known, the number of error words on the tape, and any other 
information that might help the verifier operator to interpret 
errors » 

If there is an interruption in the punching operation, the^ number 
in the word counter and the lighted neon lamp in the position 
indicator will aid in resuming at the proper digit. If there is 
any doubt of the correctness of a word punched, assume an error. 
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Fill the word out with zeros and repunch. 

After the tape has been punched, have it verified, preferably by 
another person. 

Verification 

Some of the errors encountered in paper tape preparation are listed 
below; 

1. Misinterpretation of the data in the original doc\iraent by the piihch 
operator, resulting in erroneous or transposed digits. 

2. Skipping of words by the punch operator* 

3. Inadvertent repetition or insertion of extra words by the punch 
operator, 

k. Malfunction of the tape preparation lonit, which may cause any one 
of the types of errors listed above and, in addition, may result 
in addition or deletion of single characters. 

The ElectroData paper tape preparation and Verification system is 
designed to detect these errors, 

1. Insert the tape punched from the original document into the reader. 
This is referred to as the "control tape''. 

2. Heset the word counter, 

3. Turn the function selector switch to VERIFY. 

h. Press the RESET button. This causes the tape to advance to the first 
character punched. This character is transferred to the storage 
relays. The leader of the control tape mil be duplicated by the 
punch, 

5. Enter the data via the keyboard from the original document which was 
used in preparing tlie control tape. As each character is entered at 
the keyboard or by the position counter (F or carriage-return punch), 
it is checked against the character in the storage relays. 

If coincidence exists, the character is punched and the next character 
in the control tape is automatically read into tlie storage relays. 
F characters punched during the verifying operation are accompanied 
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by a "1" piincho This identifies verified words (tapes) so that they may 
easily be recognized by operators, coders, and clerks. When a verified 
tape is printed on a Flexowriter an "r" Thrill be printed after each word; 
unverified words will be followed by an "a". 

All the data is punched on the new tape according to the same procedures 
which were used on the control tape, until the program is finished or an 
error is detected. 

An error is detected when the character in the storage relay and the 
character entered from the keyboard or the position counter do not 
coincide, Ivhen an error is sensed, the EKROR light goes on and the 
punching stops. The ERROR light will be turned off when coincidence is 
realized. The procedure for turning the ERROR light off, classified by 
types of error, mil usually be one of the following. 

Digit in Error . Look at the position indicator to tell which digit is 
in error, read this character from the original document, and enter it 
in the keyboard. If this does not turn the light off, an error exists 
on the control tape. To correct the error, depress the CORRECTION 
button and enter the correct digit at the keyboard. The digit is 
transferred to the storage relays but is not punched. Then enter the 
correct digit at the keyboard again. If the same digit is entered both 
times, it T^iill be punched, the control tape will advance one position, 
and the ERROR light will be turned off. If the two digits do not 
coincide, the ERROR light mil stay on as the second digit is entered, 
and the same procedure must be followed again. 

Word i n Error . If a word is discovered to be in error, and the position 
indicator is set at the SG position, press the ADVANCE button. This 
skips the word and continues with verification. If part of the verifica- 
tion of the word is completed before it is discovered that the entire 
word is misplaced, the control tape must be advanced to the corresponding 
position of the next word by using the manual knob on the reader. The 
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first digit after the manual advancement has been made must be entered by 
using the procedure described under DIGIT IN ElxROR, above, since a new 
digit from the control tape mil not be transferred into the storage relays 
until the next digit is punched^ 

Omission of words . Occasionally the punch operator mil fail to punch a 
word or, rarely, an entire group of words. To make sure that all of the 
omitted words carry the "verified" punch ((a 1 (one) punch accompanying 
the F punch)) after they ai^c inserted, one of the following procedures 
must be followed: 



a. 



To insert a siiiall number of nrords: 



1, Using the manual knob on the reader, back up the control tape n full 
words, where n is the number of words to be inserted. The reader 
>jill be at the si,=?n position of the n^h word. If the number of words 
missing is not knSwn, back up to the sign position of the previous 
word on the control tape before inserting each word. 

2. Follow the procedure for correcting digits in error, described earlier, 
for each digit of each word missing. Zeros must be entered singly 
from the keyboard rather than with the ZERO FliflSH or ZERO TAB keys . 
After the 11 digits of a word have been entered in this fashion the 
position counter will be at F and the F and carriage-return characters 
emitted by the counter shoula correspond with the F and carnage- 
return punches on the control tape, since the control tape advances 
one digit position for each digit punched during the insertion. If 
the tapes do not correspond, the ERROR li^it will go on at the F and 
carriage-return position- indication and the punching of these 
characters may be forced by simply pressing the CORRECTION button. 

After the word or words have been inserted, the position indicator 
will be at 3G. If the operator has backed up the control tape correctly 
the verification may proceed mthout adjustment at the end of the in- 
sertion, since the sign digit of the first word after the insertion 
will be in the storage relays. If the backing up was not done properly 
and the control tape is not aligned with the original document, the 
operator may back up the tape to the sign position of the word just 
previous to the word xjhere verification is to start and press the 
ADVANCE key. This mil cause the sign digit of the first word to be 
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read to the storage relays. The operator may elect to align the control 
tape by hand and insert the first digit using the correction procedure 
already described. The verification may proceed in normal form after the 
first digit is entered in this way. 

The position indicator, the location (mthin the word) of the digit in 
the reader, and the location (within the word) of the digit beinn read 
from the original docinnent must correspond for correct verification. 
To insert groups of words: 

1, Remove the tape from the punch (do not tear punched tape from the 
reel supply in the punch) and insert a piece of tape long enough 
to punch the deleted group, 

2, Transfer the function selector s^iri.tch to PUNCH and punch the deleted 
. group of words on a "stub" tape« (NOTE: The i:ORD COUNTER x^ill be 

off by the number of words punched during this operation.) 

3, Remove the control tape from the reader, marking the next word on the 
tape to be verified, and enter the control stub tape for the deleted 
words , 

ho Replace the original tape in the punch and switch back to VERIFY. 
Verify the deleted information, replace the original control tape 
in the reader, and continue o 

Machine Malfunction during, the Punching Operation o The deletion of a 
binary digit by the punch will be detected and corrected as described in 
DIGIT IN ERROR. The deletion or addition of an entire character by the 
punch will necessitate realignment as described in WORD IN ERROR. 
The F and carriage-return punches may be forced by depressing the COR- 
RECTION button when the ERROR light is on and the position counter is 
at one of these positions. 

After the tape is completed, the verifier operator should check the number 
in the word counter against the number of X'irords on the original document 
as a final check on the preparation. Each word on every tape prepared 
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and returned must be accompanied by the 1 (one) punch indication under F 

punch. 

The leader, all blank areas, and the trailer of the control tape mil be 

reproduced on the verified tape. 

Duplication 

To set up the system for the duplication of master tapes? 

lo Place the master tape in the reader at the very beginning of the leader. 

2, Set the duplication control switch to OFF, 

3. Reset the WORD COUNTER. 

k. Set the function selector switch to DUPLICATE,, 
5, Throw the duplication control switch to AUTO DUPLICATE. 
The operation is halted when the master tape runs out of the reader, or 
when the duplication control switch is turned to OFF. The leader, all 
blank areas, and the trailer of the master tape will be reproduced on the 
copy. 

The copied tape is exactly like the master with the exception that all 
duplicated tapes will automatically be punched with a 2 punch accompanying 
the F and 1 punch of each word, Ihis serves to identify copied tapes so 
that they will not be confused with verified master tapes. This combina- 
tion prints as an "s" on the Flexo-i'nriter* 

After a tape is duplicated, the nui^ber in the WORD COb'NTER must agree with 
the pre-recorded number of words on the master tape. The sensing of the 
end of the master tape locks up the system. In order to continue operation 
the RESET button must be pressed. 
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Duplication -will often be used to correct, add to, or delete from, master 

tapes c 

To correct a tape: 

lo Watch the WORD COUNTER until it approaches the desired number, and 
then turn the duplication control switch to OFF. 

2, Advance the duplication a word at a time until the word to be corrected 
is next to be reado 

3o T-urn the function selector switch to PUNCH and enter the correction. 
The ADVAI\DE key is depressed once to bj-pass the incorrect word on 
the master tape. The function selector is turned to DUPLICATE, the 
duplication control switch is set to AUTO DUPLICATE and the operation 
continues. 

To add to a tape: 

Follow the same oroccdure as lor corrections but do not advance the master 

tape after the punching of the additional words. 

To delete from a tape: 

1. Use the WOPJD COUI^ITER to locate the words to be deleted, 

2o Turn the function selector switch to PUNCH and use the ADVANCE key 
to move the master tape past the word or xrards to be deleted. 

3. Continue duplicatingc 

Since the POSITION INDICATOR and position counter do not operate during 
duplication, the POSITION INDICATOR should be inspected before punching 
corrections or additions to make sure it is reset. If it is not, 
depress the RESET button. 
Use of punched paper tape as output 

Computer output to the punched paper tape system may be either tape from 
the console tape punch or printed page on the Flexowriter. The OUTPUT 
selector on the console may be set to TAPE, PAGE, or OFF, Format control 
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is available for both types of output, either coded on the tape or carried 
out in the forinat of the printed pageo This format control may be exercised 
either by internal programming or externally by sotting switches on the 
typewriter control o 

Tape output can be in several different forms depending upon the future use 
of the tape. 

With the output selector switch set at PAGE and with the normal patch- 
panel wiring; ir,e. FROM CONSOLE TO FOEI^iAT, FROM FORI^T TO FLEXOIi/RITER, 
the information will be printed by the Flexowriter, If the Flexowriter 
PUIKH ON key is depressed, the inforniation being printed will be punched 
on tape simultaneously s 

If it is desired to have the output on tape without a typeT^-itten record, 
setting the output selector switch to TAPE vjill punch out the information 
by means of the computer console punch* iJith a change in the patch-panel 
on the back of the typewitcr control so that it reads FROM READER TO 
FORMAT, FROM FORl'LaT TO FLEXOMtlTER, the Flexoi-rriter will be operating 
independently of the computer* If the end of the tape being punched by 
the console punch is fed through the Flexoxirriter reader, the information 
on it will then be printed by the Flexo'/jritePa Since the console punch 
operates at almost twice the speed of the FlexoX'/riter, the punching 
operation will end before the printing is finished and while computations 
on the computer go on — the effect being that of a buffer. 
During the r\mning of a problem, minor changes on the tape can be made 
without using the tape preparation units c Any holes i*iich should not 
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have been punched can be covered by opaque tape so that the light from the 
photoelectric reader Thrill not pass through them. New holes may be punched 
on the tape by a hand punch x-Jhich will punch one hole at a time. The 
original tape can be cut into two parts, a section of tape inserted, T-dth 
careful alignment, and the ends of the tape spliced T-xith opaque tape. 
Typewriter Control 

The typewriter control has sometimes been called the "format control" or 
sirriply the "format." It translates computer information for the Flexox-jriter, and, 
by means of switches and controls, governs page format when this is not determined 
within the computer by the printout comraand itself « Ihe FlexoT«-iter is mounted on 
the typewriter control. 

Patch Panel The patch panel on the back of the tj^ewriter control contains 
eight plugs, as shoxirn below: 

FRCM TO 

FLEXOWITER FOEIiAT READER CONSOLE FLEXOVffilTER FORMAT PUNCH CONSOLE 



L 



s 



The FROM plugs refer to so^arces of information and the TO plugs refer to 
devices to \ti±ch information is being sent. Since all Flexowriter and punched- 
tape information going to or from the computer passes through the console, the 
FROM CONSOLE plug refers to information in machine language (binary-coded decimal). 
The PUNCH plug refers to the Flexowriter punch onlyj the console punch puts out 
only untranslated binary-coded decimal information. Normal wiring for Flexowriter 
printout is 
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FROM 
FLEXOWRITER FOHiAT REilDER CONSOLE 



TO 



FLEXOWRITER FORi-lAT PTOJCH CONSOLE 



T 



^ 



X 



V/ith this arrangement, information goes frora the console to the typewriter 
control and, from the typewriter control, translated, to the Flexowriter, Tiiere 
it is printed outo 

Other useful wirings are: 
FLEXOVffilTER FORivIAT READFil CONSOIE FLSXOVffilTER FORI^iAT PUNCH CONSOLE 



T" 



T 



With this arrangement, information from the computer is translated and 
punched on the ijlexowriter punch. Included are translated format instructions 
from the computer and those determined by settings of the switches on the front 
of the typewriter control panel. 

The two preceding arrangements may be coiibined as 
FLEXOVjRITER FORMAT READER CONSOLE FU::;XO^-jRITER FORI'iAT PUI\fCH CONSOLE 



" "— * «■■■'■' I |i- " ■ ' ■■■■ ^ 

d y V 



v/ith the arrangement above, information may be printed and punched at the 
same time if the Flexowriter PUNCH ON tab is depressed. Blank tape can be 
generated by pressing the Flexowriter TAPE FEED tabc Tape produced by any of 
the foregoing arrangements can be printed mth 
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FLEXOWRITER FORMAT READER CONSOLE 



FLEXOVJRITER FORMAT PUNCH CONSOLE 




■ 1 






Tape from the console punch can be printed with 
FLEXOVJRITER FORi^lAT READER CONSOLE FLFJCOWRITER FOPJ-iAT PUNCH CONSOLE 



g n 



Format instructions punched on tape are executed and format may be controlled 
by the settings of switches on the typewriter control. 
FLEXO"WRITER FORi-IAT P^iDER CONSOLE FLEXOVJRITER FORI-iAT PUNCH CONSOLE 



D 



n 



p° 



The arrangement above reads translated tape, prints, and reproduces tape 
simultaneously, 

FLEXOWRITER FORMAT READER CONSOLE FLEXOVJRITER FORMAT PUNCH CONSOLE 



f?Q 




T-* 



_T 



The arrangement above reads information into the computer from the Flexowriter 
reader and prints out on the Flexowriter. INPUT SELECTOR is set at MECH READER, 
OUTPUT SELECTOR is set at PAGE. 
FLEXOVJRITER FORMAT READER CONSOLE FLEXOVJRITER FOEiiAT PUNCH CONSOLE 



D a D 



T 



D 



The arrangement above will produce tape containing untranslated word informa- 
tion and iintranslated format instructions which will be carried out when the tape 
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is read through the FOEMAT plug to FLEXOWtllER and/or PUNCH. Tape from the pre- 
ceding-arrangement is identical with that produced by the console punch, 
FLEXOVffilTFJl FOPIAT READER CONSOLE FLFJCOVJRITER FOEMAT PUNCH CONSOLE 



D 



t 



The arrangement above is the only one which mil reproduce a tape exactly, 
except for "delete" holes. Format instructions, including the 1 for feeding out 
one character-space of blank tape, appear as numerical information. (The tape 
in this case contains a 1 punch meaningless to the computer and the typewriter 
control since it is unaccompanied by a C pulse.) Lengths of unpunched tape going 
into the reader will be matched by equal lengths of output tape unpunched. While 
this reading and punching operation is in progress, the printing mechanism of the 
Flexowriter can be used, T-dth appropriate patch panel connections, for computer 
output . 
Typewriter Control Panel 

WQRDS/LItlE Switch The WORDS PER Lllffi switch enables the operator to set the 
number of words per line, from 1 to 20, 

lines/group Switch and Grouping Switch h group is a number of lines that are 
equally spaced. Between groups the spacing is doubled, Tlie LINES PER GROUP 
switch sets the number of lines per group, from 1 to 20, The spacing into groups 
is in effect \Jhen the GROUPING switch ia ON. If the GROUPING switch is OFF, then 
all lines are equally spaced, 

GI^OUFS/PAGE Switch and AUTO STOP Switch Any number of groups from 1 to 20 
constitutes a page. The GROUP/PAGE switch sets the number of groups. At the 
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end of a page, the computer will stop if the AUTO STOP switch is ON. This is so 

even if the GROUPING switch is OFF. 

Using the folloirjing notation: 

L -- lines/group switch setting 

G = GROUPS/PAGE switch setting 

C = number of lines advanced by carriage return, 1 to 3, set on 
Flexowriter car-riage (6 lines = 1 inch) 

1 if GROUPING switch is ON 

if GROUPING switch is OFF 
Then N, the number of lines of printed information per page is given by 

N = L X G 
and I, the number of inches to a page is given by 

I =^ (L X G) + (G - 1) 
If the AUTO STOP switch is off, then the computer will not stop at the end 

of a page» 

RESET Button and Indicator Light If the computer stops at the end of a 
page, the operator can tear off the page and resume the computation by pressing 
the RESET button, which sets all format counters to zero. The RESET state is 
indicated by the flox'jing of the RESET indicator light. If the operator desires 
to type a heading on the new page manually, the computer should be stopped with 
the STOP button. After the heading is typed, computation can be resumed by 
pressing the RESET button and the CONTINUOUS button. 

Zero Suppress If the ZERO SUPPRESS switch is in the ON position, the first 
digit to be printed after the sign ^d.11 be me first non-zero digit. If the 
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ZERO SUPPRESS switch is OFF, leading zeros are not suppressed. 

However, if the printout ccxnraand calls for a decimal point to replace the 
sign, there is no ZERO SUPPRESS for that printout. 

SPACE-OFF-TAB Switch The setting of txhe SPACE-OFF-TAB switch determines the 
horizontal sps-cing between printouts. With the switch at SPACE, the FlexoT«"iter 
will insert a typewriter space between printouts. With the switch at OFF, there 
will be no spacing between printouts, viith the setting at TAB, the spacing be- 
tween printouts will be detenmined by the operator's tab settings. 
IBM CARD SYSTEM 

Card Preparation An installation using IBM input-output will have aKxiliary 

equipment for card preparation. 

The ElectroData punched card system will read or punch up to eight words 
per card, each word containing algebraic sign and up to 10 digits. The sign of 
a word is indicated by an x punch over a suitable column of the field. 

The ElectroData punched card converter takes information from cards and 
transforms it to information used by the computer. Similarly, it will take 
information from the computer and convert it to a form suitable for punching 
on cards. 

Of the pieces of IBM equipment available for reading and punching, - any 
reproducing punch or summary punch may be used, such as the IBM ^13, $lh, 5l6, 
517, 519, 523 - a ccmbination of any two can be used as a card reader arxi card 
punch. The IM 528 may be used as a conbination card reader and card punch. 

Information may be printed out on an IBM tabxolator. 

The commands referring to IBM equipment are the same for all units. 
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The front panel of the ElectroData punched card converter contains two selector 
switches - one for input and one for output. The switches determine the number of 
words, from one to eight, read from each card, punched on each card, or printed on 
each line by the tabulator. 

The plugboards on the IBM input-output devices are wired to allow information 
to pass between them and the converter. Suggested wiring for each type of punched 
card machine is indicated by ElectroData Corporation, 
Input From Punched Cards 

1, Place cards to be read into hopper of IBM card reader, 

2, Set ON-OFF switch on reader to ON and press START button to allow 
first card to reach station just prior to reading stations, 

3, Set input dial on converter for the nuiiiber of words per card, 

h» If cards are to be punched or results printed during computation, 
set output dial on converter for the number of words per card or 
per line , 

5, Put into the A register by means of the keyboard or the supervisory 
control panel the word +mmm0i4l4xxxx, where mmm is 1000 minus the number 
of cards to be read and xxxx is the first computer memory location to 
be filled by input data, 

6, Put into the C register the word hh xxxx yyyy, where xxxx is the first 
memory location to be filled by input data and yyyy is the address of 
the next command to be executed, 

7, Use other switches on the console the same as for other commands, 
(Note that the setting of the INPUT selector is immaterial, since it 
is effective only on an "in" command,) 

8, To start read-in of cards, press CONTINUOUS button on console. 
Output From Punched Card Machines 

Two forms of output from punched card machines are possible - punched cards 
or printed lines. The same command is used for both. To punch, plug the cable 
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connector from the punch unit into the vJRITE output assembly of the converter* 
To print, plug the cable connector from the tabulator into the InlRITE output of 
the converter. 

Setting of the output switch on the converter determines the number of words 
per card to be punched or words per line to be printed. 
Time 

The amount of time required to read information into or out of the computer 
is dependent upon the type of equipment used« Below is a suumary of the time 
required for input or output for each systeme 



Input Medium 

Perforated 
paper tape 



Punched IBM 
cards 



Output Form 

Typewritten 
page 



Perforated 
paper tape 



Reader 

ElectroData 

Photoelectric 

reader 

Flexowriter 

mechanical 

reader 

513, 5lU 

517, 523, etc. 



528 



Speed 

5i|.0 decimal 
characters 
per second. 

10 decimal 
characters 
per second* 

100 cards per 
minute (l50 
decimal charac- 
ters per second 
maximum . 

200 cards per 
minute (300 decimal 
characters per 
second minimum.) 



Comments 

The entire hOOO word 
main storage can be 
filled in about 1.5 
minutes . 



Each card may contain 
eight ten digit words. 



Punch or Tabulator Speed 

Flexowriter with 9 decim'al 
ElectroData code characters 

per second, 

Flexowriter punch 20 decimal 
or console punch characters 

per seconde 



Comments 

Can control format by 
coding or by external 
switches. 

Gain over Flexox^n^iter 
typeout partly because 
of omission of spaces 
and carriage ret\irns. 
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Output Form 
Punched cards 



Tabulated Page 



Punch or Tabulator Speed 

IBM 513, 5lii, 517, 100 cards per 
523, 528, etc« minute or up to 

1^0 decimal char- 
acters per seccndo 

IBM Ii02^ ii07, etc. 100 or 1^0 
Tabulators lines per minute 



i|l6 



150 lines per 
minute . 



C omments 

Up to 8 words per 
card*. 



Up to 8 numeric irords 
per line. Can be wired 
for alphabet printout. 

Numeric only. 
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ELECTRODATA GQRFQllATIOrl FACILITIES 

ElectroData Corporation recognizes that as a manufacturer of computers and 
aiaxiliary equipment, it has responsibilities to its customers, to organizations 
interested in computing equipment, and to the public in general. To fulfill 
these responsibilities, the company sponsors certain educational and professional 
activities. This section of the manual describes these activities so that 
purchasers of ElectroData equipment may know about services that they may draw on, 
CODING ASSISTAICE 
Coding Course 

A detailed course in coding for the ElectroData computer is regularly 
scheduled, generally twice a month. The size of the class is held to between 
six and ten registrants, so that individual instruction can be given. The 
content of the course is mainly instruction in how to use the machine code, and 
in some of the programming techniques that will be of use to the potential coder 
or programmer. The course also gives the student an opportunity to follow 
through the coziplete procedure of working up a code, preparing the paper tape and 
cards for the computer, operating the machine, performing machine checking, and 
finally seeing the results emitted in one or moie of the output forms „ 
Sample Coding 

ElectroData maintains a staff of mathematicians trained to analyze, program, 
and code problems of diverse origin, and solve these problems on the computer. 
They will solve sample problems for any organization interested in acquiring a 
machine, to demonstrate that the machine is capable of performing the work 
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required, ElectroData mathematicians set up an initial code and tape for standard 
problems that the organization may have. This serves to indicate to the user of 
computing equipment what is involved in an operation of this type and allows him 
to estimate the time, the personnel, and the operations involved. Organizations 
which use ElectroData coding facilities on this basis may elect to do the analy- 
sis or to code the problem, or perhaps participate in the final machine solution. 
In tliis case, the ElectroData staff will give assistance and will verify codes or 
other work. They will also indicate how the work may be improved to increase 
efficiency, but they will not act upon these suggestions unless they are approved 
by those who submit the problems » 
Field Coding 

The purchaser of an ElectroData system may often want to have initial codes 
worked up by a trained staff, or to have trained personnel temporarily assigned 
to his staff. This service is available at a reasonable fee, 
TRAINING 
Personnel Reserve 

ElectroData offers scholarship avrards to universities to finance the training 
of students, usually graduates, in the use of ElectroData equipment. In a summer 
session, the students work with the ElectroData organization and learn analysis, 
and coding and operating techniques. Upon completing this summer work, they have 
an excellent background to serve as key members of computing organizations built 
around the ElectroData computer. The names of students vAio have canpleted such 
training are available to organizations using ElectroData equipment. 
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INFORMATION DISSEMINATION 



Field Conferences 



ElectroData mathematicians are in attendance at many professional conferences 
where they x^ill gladly supply information to anyone interested in any aspect of 
the company's activities. Research and technical papers on subjects related to 
automatic computation are presented by the ElectroData staff throughout the 
countrj''. 
Sales Representation 

ElectroData' s trained mathematicians supplement the services of the sales 
force by giving advice on detailed and complex mathematical questions which may 
arise* By mail or personal visit, ElectroData' s riiathematical staff is available 
to answer such questions. It has also available a roster of consultants who xjill 
be of service on exceptional problems. 
Computing 

In the diversified work of the ElectroData Computing Center, it is necessary 
to formulate many varied routines, subroutines, and types of higher-order coding, 
ElectroData has a considerable length of experience since it has had an operating 
installation since Hay, 1953* The aggregate of ElectroData* s experience, re- 
sources, training, and publications is available to interested organizations « 

Symposia 

To develop in-formation and facilitate its exchange, ElectroData will 
periodically hold sjnnposia for users of its equipment. It has been found in 
similar symposia for various types of equipment produced by ElectroData' s parent 
companjr, Consolidated Engineering Corporation, that the information gained by the 
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participants has proved extremely valuable to their operations, 
CONTPJICT COMPUTING 

Sample problems that can be handled at ElectroData for potential customers 
were referred to in the preceding paragraphs. In many cases, an organization 
would prefer to have partial use of a piece of equipment over an extended period 
of time to insure that the equipment will be successfully used by their instal- 
lation. Also, an organization with a relatively small but increasing work load 
may want partial use of a computer for the transition period before they are 
able to keep one busy full time. To satisfy this need and desire, the staff of 
ElectroData, with their own personnel or in conjunction with the personnel of 
the customer organisation, will do the work on a contract basis ^ 
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